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PREFACE. 



The contents of this little book are to a great extent a 
transcript of the notes of my lectures delivered at the 
Boyal College of Chemistry during the Winter Session of 
1865-66. These notes have been considerably amplified 
only in the earlier chapters^ on nomenclature^ notation^ 
and the atomicity of elements — subjects which^ in their 
modem developments^ have undergone such profound 
changes as to render their somewhat more extended treat- 
ment necessary to the comprehension of the remainder of 
the book. 

To render the work as concise as possible^ all formal 
description of the properties of the bodies treated of has 
been^ for the most part^ entirely omitted. Such a descrip- 
tion (which is moreover easily accessible elsewhere) would^ 
even if brief^ have swollen the book to more than double its 
present size. For the same reason I have been compelled 
to treat the metallic elements in a manner which will 
doubtless seem^ to many^ unworthy of their importance ; 
but their number is so great, that any attempt to give 
more than the names and formulae of their chief com- 
pounds would have extended the work far beyond the 
limits I had assigned to it. My aim has been to classify 
and systematize rather than to describe, and I have endea- 
voured to ftumish the student with a kmd of skeleton of 
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IV PREFACE. 

the science^ which it is intended he should himself clothe 
with the already known and daily increasing facts of expe- 
rimental research. To aid him in this^ he has the choice 
of numerous standard treatises^ amongst which may be 
mentioned Watts's 'Dictionary of Chemistry/ Gmelin's 
' Handbook of Chemistry/ Graham's ' Elements of Che- 
mistry/ Miller's 'Elements of Chemistry/ Odling's 
'Manual of Chemistry,' Gerhardt's "Traite de Chimie 
Organique/ "Traits de Chimie Generale' by Pelouze and 
Premy, Kolbe's ' Lehrbuch der organischen Chemie/ and 
Kekul^'s ' Lehrbuch der organischen Chemie.' 

I have often noticed with regret the great amount of 
labour which an earnest student expends in noting down 
the reactions and the names and formulae of substances 
which are presented to his notice in the lecture-theatre. 
He is thus greatly interrupted in following the arguments 
and explanations of the speaker, and he often loses more 
important generalizations in securing a record of details. 
One of my chief objects in the preparation of this book 
has been to relieve him from such distractions. For this 
purpose very full lists of names and formulae are given, 
and a comparatively large amount of space is devoted 
to equations expressing the reactions occurring in the for- 
mation and decomposition of the substances treated of. 

Such being the chief objects of the book, it would 
obviously have been impossible to give in all, or even in 
many cases the reasons which have induced me to adopt 
such views of the constitution of both mineral and organic 
compounds as are either novel or not generally recognized. 
Thus, I am aware that the atomicity which is assigned 
to many of the elements may be called in question ; but 
it is hoped that, in thus giving for the first time a thorough 
and consistent scheme of the combining-powers of atoms, 
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the advantages of the simplicity of symbolic expression^ 
thereby secured, will more than outweigh the evil resulting 
firom the few errors which future research may reveal. 

Whilst the rapid progress of organic chemistry has on 
the one hand enormously increased the number of organic 
compounds, it has, on the other, revealed new relations 
between the different groups of these compounds, and 
opened up many new paths, both from one group to 
another and from member to member of the same group. 
The relative importance of individual compounds has thus 
gradually diminished in comparison with that of the family 
to which they belong ; and the time has now arrived for 
recognizing this condition of things, by so classifying 
organic bodies as to make the description of the individual 
members subsidiary to that of the family to which they 
are attached. The student can thus more easily gain a 
general view of the otherwise almost hopelessly vast array 
of organic substances. 

To illustrate important constitutional formulae, I have 
extensively adopted the graphic notation of Crum Brown, 
which appears to me to possess several important advan- 
tages over that first proposed by Kekule. Graphic notation 
affords most valuable aid to the teacher in rendering intel- 
ligible the constitution of chemical compounds, especially 
when it is supplemented by what may be called the 
glyptic formulae of Hofmann. The system of symbolic 
notation, which I have explained in Chapter III., is so 
framed as to express the same ideas, of the chemical 
functions of atoms, as the graphic and glyptic formulae, 
with which, therefore, it harmonizes completely; whilst it 
enables the student gradually to dispense with the last two 
forms of constitutional notation. 

I am aware that graphic and glyptic formulae may be 
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objected to^ on the ground that students^ even when spe- 
ciaUy warned against such an interpretation, will be liable 
to regard them as representations of the actual physical 
position of the atoms of compounds. In practice I have 
not found this evil to arise ; and even if it did occasionally 
occur, I should deprecate it less than iguorance of all 
notion of atomic constitution. 

In conclusion, I have much pleasure in thanking my 
assistant, Mr. Herbert M<^Leod, for his valuable help, 
both in compilation and in the revision of the proo&. 
Mr. M^^Leod has devoted much attention to the consti- 
tutional formulae of minerals ; and most of the symbolic 
and graphic expressions for these compounds are from his 
pen. To my assistant, Mr. W. Valentin, I am also much 
indebted for aid in the laborious work of revising proofs. 
In a book which is so full of formulae, it would be too 
much to expect entire freedom from errors; but every 
care has been taken to reduce their number as much as 
possible. 

E. F, 



BojbI College of Chemistry, London, 
September 15, 1866. 
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LECTUEE NOTES 



CHEMICAL STUDENTS. 



CHAPTER I. 

IirrRODUCTORY. 

Deftetitiok. — Chemistry is the science which treats of the 
atomic composition of bodies, and of those changes in matter 
which result from an alteration in the rehitive position of 
atoms. 

Simple akd Compovkd Mattxb. — ^All kinds of matter are 
divided into two great classes, — simple substances^ and com- 
pound substances, A simple substance is one out of which it is 
impossible to obtain, by any known process, two or more essen- 
tially different kinds of matter. A compound substance, on the 
other hand, is one which can be resolved into two or more 
simple substances. The simple substances at present known 
are sixty-two in number, and are termed elements. By the 
combination of these elements with each other, all the infi- 
nitely varied forms of terrestrial matter are produced. 

Modes of Chemical Action. — ^Matter undergoes chemical 
change in five different ways, viz. : — 

Ist. By the direct combination of elements or compounds 
with each other. 

2nd. By the displacement of one element or group of ele- 
ments in a body by another element or group of elements. 

3rd. By a mutual exchange of elements or groups of elements 
in two or more bodies. 
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^h. By the re-arrangement of the elements or groups of 
elements already contained in a body. 

5th. By the resolution of a compound into its elements, or 
into two or more less complex compounds. 

Atomic Weight. — Chemists assign to every element a 
number called its atomic weight. This number is made to 
represent, as far as possible, — 

Ist. The smallest proportion by weight in which the element 
enters into or is expeUed from a chemical compound, — ^the 
smallest weight of hydrogen so entering or leaving a chemical 
compound being taken as unity. 

2nd. The weight of the element in the solid condition which, 
at any given temperature, contains the same amount of heat as 
seven parts by weight of solid lithium at the same temperature. 

3rd. The weight of the element which, in the form of gas 
or vapour, occupies, under like conditions of temperature and 
pressure, the same volume as one part by weight of hydrogen. 

The atomic weight of a compound is the sum of the atomic 
weights of its elements. 

The atomic weights of the elements are given in the Table 
at page 6. 

Atoms aot) Molecules. — The proportional amount of any 
element represented by its atomic weight, as above described, 
is commonly called an atom of that element. 

When an element is isolated, or separated from every other 
kind of matter, its atoms still exist, except in a few cases, in 
combination with each other. In many instances the atoms of 
isolated elements are associated in pairs when thus combined. 
Such an isolated atom or group of atoms constitutes an elemen- 
tary molecule. 

It follows from what has been said that the bulk of a mole- 
cule, or the molecular volume of an element in the gaseous or 
vaporous condition, must be the same as the molecular volume 
of hydrogen at the same temperature and pressure, and that 
the molecular weight of an element is in a large number of cases 
twice its own atomic weight. 
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The following is a list of those elements whose molecular 
Tolumes have been detennined. 



Molecules containing of the element 


One •torn. 


Two atoms. 




Fouratoms. 


Six atoms. 


Mimatomie 


Diatomie 


Triatomie 


Teiratomie 


Sexatamie 


MoUeuht. 




MoUetOm. 


MoUeulM, 


MoleeuUt. 


Mercury. 


Hjdrogen. 


Oiygen (aB 


PhosphoruB. 


Sulphur. 


C^mium. 
Zinc. 


Cblorme. 

Bromine. 

Iodine. 

Fluorine. 

Nitrogen. 

Sulphur. 

Selenium. 


On>ne). 


Arsenic. 





It will be perceived from the above Table that an element 
maj have two distinct molecular weights. This is known to 
be the case with oxygen and sulphur. 

The molecular weight of a compound is, with very few excep- 
tions, identical with its atomic weight. The molecular volume 
or the space occupied by the combining proportion of a com- 
pound is, with very few exceptions, equal to that occupied 
by two combining proportions, or one molecule, of hydrogen. 
Hence the law — equal volumes of all gases and vapours contain, 
at the same temperatwre and pressure^ an equal number of mole- 
eules. 

With very few exceptions, therefore, the molecules of all 
compounds, no matter how great may be the aggregate volume 
of their constituents, occupy, when compared at the same tem- 
perature and pressure, one uniform volume, which is exactly 
the same as that filled by one molecule of hydrogen. Thus : 

TOL TOL TOIS. 

1 of Hydrocen + 1 of Chlorine form 2 of Hjrdrodilorie sdd. 

1 of Hydrogen +1 of BromiiieVlikpoar „ 2 of Hjdrobramio add. 

2 of Hydrogen +1 of SoiphnrTaiwiir , 2ofSalphiiiettedHydrogen. 

2 of Hydrogen +1 of Oxygen „ 2ofSteam. 

3 of Hydrogen +1 of Nitrogen „ 2 of Ammonin. 

4of Hydrogen +« of CsrbonTBponr ,.. ,. 2 of Marsh-gas. 

6 of Hydrogen +1 of Oxygen +2* of Carbon tnpoor „ 2 of Alcohol taponr. 
12 of Hydrogen +1 of Oxygen +ftf of CariiKm taponr „ 2 of Amylio aloohol Tapoar. 

b2 
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Chemioal APEiiaTT. — The force or power which holds to- 
gether the elements of a compound is termed chemical affinity. 
Elements which readily combine with each other, and develope 
much heat on combination, are said to have a powerful affinity 
for each other. The elements which thus exhibit towards each 
other a great affinity are possessed of widely different properties ; 
and when their compounds are decomposed by an electric cur- 
rent, the constituents are evolved at the opposite poles. 
Those elements which, under such circumstances, make their 
appearance at the pontive pole are termed electro-negative or 
negative elements, whilst those disengaged at the negative pole 
are caUed electro-positive or positive elements. Eor reasons 
which will appear hereafter, the negative are sometimes called 
chlorous, and the positive hasylous elements. It must be re- 
membered, however, that the difference between these two 
classes is one of degree only ; they insensibly merge into each 
other, since the members of both classes exhibit a graduated 
intensity of the positive or negative quality. Thus potassium 
is more positive than sodium, and oxygen more negative than 
sulphur, whilst mercury is negative to sodium but positive to 
iodine. 

The following eight elements are negative or chlorous to- 
wards the remaining fifty-four elements, which are more or 
less positive or basylous : — 



Fluorine. 


Oxygen. 


Chlorine. 


Sulphur. 


Bromine. 


Selenium. 


Iodine. 


Tellurium 



Although two positive or two negative elements can combine 
together chemically, yet their union is rarely attended with 
such striking phenomena as are manifested when the combi- 
nation takes place between a positive and a negative element. 
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CHAPTER II. 



CHEMICAL NOMENCLATUBE. 

The study of every science necessitates an acquaintance with 
the system of names and pecidiar modes of expression which 
have been found most convenient to denote the materials and 
to describe the phenomena which form its objects. Such names 
and modes of expression form the groundwork of the knguage 
of every science, upon the right employment of which depend 
the precision and accuracy of scientific definition. 

The nomenclature of a science ought to be distinguished for 
its clearness and simplicity; but it is by no means easy to 
secure these conditiops in a science like chemistry, where the 
rapid progress of discovery necessitates the continual addition 
of new and the frequent alteration of old names. Gl^he che- 
mical name of a substance should not only identify and indi- 
vidualize that substance, but it should also express the compo- 
sition and constitution of the body, if a compound, to which it 
is applied. The first of these conditions is readily attained ; 
but the second is much more difficult to secure, inasmuch as 
our ideas of the constitution of chemical compounds — the mode 
in which they are built up as it were — ^require frequent modi- 
fication. On this account all attempts to frame a perfectly 
consistent system of chemical nomenclature have hitherto been 
only partially successful. 

It has been already mentioned that the number of elements 
at present known is sixty-two. These have received the names 
given in the following Table, in which the twenty-one most 
important elements are distinguished by the largest type, 
those next in importance by medium type, whilst the names of 
elements which are either of rare occurrence, or of which our 
knowledge is yet very imperfect, are printed in the smallest 
type. 
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Name. 


Sym- 
bol. 


Atomic 
weight 


Name. 


Sym- 
bol. 


Atomic 
weight. 


ALxnomnM 

AuTiMoirr 

Absenic 


Al 

Sb 

As 

Ba 

Bi 

B 

Br 

Cd 

Cs 

Ca 

C 

Ce 

CI 

Cr 

Co 

Cu 

D 

P 

G 

Au 

H 

In 

I 

Ir 

Fe 

L 

Pb 

Li 

Mg 

Mn 


27-5 
122 

75 
137 
208 

11 

80 
112 
133 

40 

12 

92 

85-5 

52-6 

58-8 

63-5 

96 

19 

14 

196-7 

1 

74 
127 
198 

56 

92 

207 

7 

24 

65 
200 


Molybdenum... 
NrnintT. . 


Mo 

Ni 

Nb 

N 

Ob 



Pd 

P 

Pt 

K 

Rh 

Rb 

Ru 

Se 

Si 

Ag 

Na 

Sr 

S 

Ta 

Te 

Tl 

Th 

Sn 

Ti 

W 

F 

V 

Y 

Zn 

Zr 


92 

58-8 

97-6 

14 
199 

16 
106-5 

81 
197-4 

39 
104 

86-5 
104 

79 

28-5 
108 

23 

87-5 

32 

137-5 
128 
204 
281-5 
118 

60 
184 
120 
137 

68 

65 

90 , 


Niobium 


Babiuu 


NITROGEN ... 

Osmium 


BXSUVTH 

BOEON 


OXYGEN 

PalIabtom ... 
PHOSPHORUS 

Platiwum 

POTASSIUM... 

Rhodium 

Rubidium 

Ruthenium 

Selenium 

SILICON 

SILVER 


BBOMTini: 

Cadmium 

Caesium 


CALCIUM 

CAEBON 

Cerium 


CHLOsnrE ... 

Chkohiuh 

COBAXT 


COPPER 

Didymium 

FL^OKOrB ... 

G-lucinum 

Q-OLD 


SODIUM 

Stbontium ... 

SULPHUR 

Tantalum 

Tellurium 

Thallium 

Thorium 


HYDROGEN ... 

Indium 


IODINE 


IsiDiuk 


Tin 


IRON 


Titanium 

TxrSGSTKN 

Ubanium 

Vanadium 

Yttrium 


Lanthanium ... 
ILEAD 


Lithium 


Magnesium . . . 


HANGANESE 


znrc 


MERCURY ... 


Zirconium 



These elementary substances have been long divided into 
two great classes — metals and non-metals, the latter being also 
sometimes termed metalloids. The metals are by far the most 
numerous, the non-metals numbering only the following thirteen 
elements : — Boron, Bromine, Carbon, Chlorine, Fluorine, Hy- 
drogen, Iodine, Nitrogen, Oxygen, Phosphorus, Selenium, 
Silicon, Sulphur. 
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The names of tbe elements can scarcely be said to have been 
given according to any rule ; many of tbem are derived from 
the most prominent property of tbe bodies themselves, whilst 
others have a mythological origin. An attempt has been 
made to distinguish tbe metals by the termination urn, as 
potassium, sodium, &c. ; but tbe common metals, such as gold, 
copper, iron, &c., still retain their original names; and one 
substance, selenium, which at the time of its discovery was 
regarded as a metal, has had no change made in its name, 
although further research has divested it of all metallic attri- 
butes. An important group of electro-negative non-metals — 
fluorine, chlorine, bromine, and iodine — ^have received the termi- 
nation ine ; three are distinguished by the terminal syllable on, 
viz. carbon, silicon, and boron ; and three others have ^en for 
their final syllable, viz. oxygen, hydrogen, and nitrogen, these 
last names being derived from Greek words denoting the pro- 
perty possessed by these elements of generating respectively 
acid, water, and nitre. 

When two elementary bodies unite together, they form a 
chemical compoimd of the first order, to which the name 
binary compound has been applied. The names of these com- 
pounds are formed from those of their constituents, the name 
of the positive constituent with the terminal ic, or some abbre- 
viation thereof, preceding that of the negative constituent, 
which is made to terminate in ide, thus : — 

Potassium and Sulphur form Potassic sulphide. 
Sodium „ Oxygen „ Sodic oxide. 
Silver „ Chlorine „ Argentic chloride. 

Zinc „ Iodine „ Zincic iodide. 

Calcium „ Chlorine „ Calcic chloride. 

But the same elements frequently form with each other two 
compounds, in which case the one which contains the smaller 
proportion of the negative eletnent is distinguished by changiag 
the terminal syllable of the name of its positive constituent 
into 0U9, the terminal ie being retained for the compound con- 
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taining the larger proportion of the negative element. Thus, 

One atom of tin and two atoms of chlorine form Stannous chloride. 
One atom of tin and four atoms of chlorine form Stannic chloride. 

Sometimes, however, the same elements form with each other 
more than two compounds. In these cases the prefixes hypo 
and per are employed as marks of distinction ; but their use is 
very rarely required. 

n a binary compound contains oxygen, and forms an acid 
when made to unite with water, or a salt when added to a base, 
it is termed an anhydride or anhydrous acid. Thus, 

One atom of carbon and two atoms of oxygen form carbonic anhydride. 
Two atoms of nitrogen and fi^e atoms of oiygen form nitric anhydride. 
Two atoms of nitrogen and three atoms of oxygen form nitrous anhydride. 
One atom of sulphur and three atoms of oiygen form sulphuric anhydride. 
One atom of sulphur and two atoms of oxygen form sulphurous anhydride. 

In the following cases, the systematic names have not dis- 
placed the trivial and irregular names used for the same sub- 
stances : — 

Systematic name. Trivial or irregular name. 

Hydric oxide Water. 

Hydric sulphide Sulphuretted hydrogen. 

Hydric selenide Seleniuretted hydrogen. 

Hydric telluride Telluretted hycbogen. 

Hydric chloride Hydrochloric acid. 

Hydric bromide Hy drobromic acid. 

Hydric iodide Hydriodic acid. 

Hydric fluoride Hydrofluoric acid. 

Hydric carbide jMarsh-gas or light carburetted 

I hydrogen. 

Hydric nitride Ammonia. 

Hydric phosphide Phosphuretted hydrogen. 

Hydric arsenide Arsenuretted hydrogen. 

Hydric antimonide Antimonuretted hydrogen. 

The term acid was originally applied only to substances pos- 
sessing a sour taste like vinegar ; but analogy has necessitated 
the application of the same name to a large number of com- 
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pounds which have not this property. In the modem accepta- 
tion of the name, an acid may be defined as a compound con- 
taining oiie or more atoms of hydrogen, which become displaced 
by a metal when the latter is presented to the compound in the 
form of a hydrate. The hydrogen capable of being so displaced 
may be conveniently termed ditplaeeable hydrogen. An acid 
containing one such atom of hydrogen is said to be monobasic, 
two such atoms dibasicj &e. Acids of a greater basicity than 
unity are frequently termed polyhasie acids. 

Thus nitric acid gives, with sodic hydrate, sodic nitrate : 

NO3H + ONaH = NO,Na + OH,. 

iritrioaeid. Sodic hydnto. Sodio nitrate. Water. 

Sulphuric acid gives, with potassic hydrate, potassic sulphate : 
SO.H, + 20KH = SO.K, + 20H,: 

Snlpliuric Mad. PotMnc hydrate. Potaaaie lulphate. Water. 

and hydrochloric acid gives, with potassic hydrate, potassic 
chloride : 

HCl + OKH = KCl + OH,. 

Hydroohlorio Potune Potaane Water, 

add. hydrate. ohUwide. 

When an acid contains oxygen, its name is generally formed 
by adding the terminal ie either to the name of the element 
with which the oxygen is united, or to an abbreviation of that 
name ; thus sulphur forms, with oxygen, sulphuric acid ; nitro- 
gen, nitric acid ; and phosphorus, phosphoric acid. But it 
frequently happens that the same element forms two acids 
with oxygen ; and when this occurs, the acid containing the 
larger amount of oxygen receives the terminal syllable ia, 
whilst that coutaining less oxygen is made to end in ous. 
Thus we have sulphurous acid, nitrous acid, and phosphorous 
acid, each containing a smaller proportion of oxygen than that 
necessary to form respectively sulphuric, nitric, and phosphoric 
acids. 

In some instances, however, the same element forms more 
than two acids with oxygen, in which case the two Ghreek words 
IkypOy under, and hyper^ over, are prefixed to the name of the 

b5 
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acid. Thus an acid of sulphur contiuning less oxygen than 
sulphurous acid is termed hjposulphurous acid ; and another 
acid of the same element containing, in proportion to sulphur, 
more oxygen than sulphurous acid and less than sulphuric, 
might he named either hypersulphurous acid, or hyposulphuric 
acid ; but the latter term has been universally adopted. The 
prefix per is frequently substituted for hyper ; thus in the case 
of chlorine, which forms the following four acids with oxygen, 
viz. hypochlorous acid, chlorous acid, chloric acid, and hyper- 
chloric acid, the latter is generally named perchloric acid ; but 
per can only be used as a prefix to the acid containing the 
largest proportion of oxygen. 

Some acids do not contain oxygen amongst their constituents, 
but consist of sulphur or hydrogen united with other elements. 
This peculiarity of composition is expressed in their nomen- 
clature by the prefixes sulpho or 9ulph, and hydro or hydr : thus 
sulpharsenic acid and sulphostannic acid denote acids composed 
respectively of sulphur, hydrogen, and arsenic, and sulphur, hy- 
drogen, and tin ; whilst the names hydrochloric acid andhydri- 
odic acid are given to acids composed, the first of hydrogen 
and chlorine, and the second of hydrogen and iodine. The 
terminals oiu and ie are also applied to these acids in exactly 
the same manner as to the oxygen acids : thus we have sulph- 
arsenious and sulpharsenic acid, the latter containing a 
larger proportion of sulphur than the former ; but the appli- 
cation of the second of these terminals has not hitherto been 
found necessary in the case of hydrogen acids, since no ele- 
ment has yet been observed to form more than one acid with 
hydrogen. 

The term anhydride or anhydrous acid is applied to the residue 
obtained by the abstraction of water from one or two molecules 
of an oxygen add. Thus, 

SO,H. - OH, = SO,: 

Snlphario aoid. Wal^r. Solplmrio aahjdride. 

2N0.H - OH. = N,0.. 

IVitrio Mid. Wfttar. Nitrio aabjdiide. 
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The term hose is applied to three classes of compounds, all of 
which are converted into salts by the action of acids. These are — 
1st. Certain compounds of metals with oxygen, such as sodic 
oxide (Na^O), zincic oxide (ZnO), &c. 

2nd. Certain compounds of metals with the compound radical 
hydroxyl (HO), such as sodic hydrate (OHNa or Na(HO)), 
zincic hydrate (Zn(HO) J, &c. 

3rd. Certain compounds of nitrogen, phosphorus, arsenic, 
and antimony, such as ammonia (NH3). 

There are also some organic compounds to which the name 
base is sometimes given, but which are not included in the 
above classes; it is, however, unnecessary further to allude to 
them here. 

The bases of the first class are named in accordance with 
the rules already given for compounds of two elements. The 
following bases, however, still retain their irregular names : — 
Systematic names. Irregular names. 

Baric oxide Baryta. 

Strontic oxide Strontia. 

Calcic oxide Lime. 

Magnesic oxide Magnesia. 

Aluminic oxide Alumina. 

G-lucinic oxide Qlucina. 

Zirconic oxide Zirconia. 

The names of the bases belonging to the second class are 
formed by changing the terminal syllable of the metal into ic 
or 0U9, and the word hydroxyl into hydrate. Thus c»sium and 
hydroxyl form ccsic hydrate (Cs (HO)) ; barium and hydroxyl, 
baric hydrate, (Ba (HO),) ; and iron and hydroxyl, ferric hy- 
drate (Pe, (HO),). 

A few of these bases have trivial or irregular names, which 
are almost invariably used instead of the systematic names : — 
Systematio names. Iiregnlar names. 

Fotassic hydrate Potash. 

Sodic hydrate Soda. 

Lithic hydrate Lithia. 



12 CHEMICAL NOMENCLATURE. 

The bases of the third class ate distrngiiished by the terminal 
syllable ime, except nitrine, (^H,), which retains its trivial 
name ammonia. These bases belong almost exclusively to the 
department of organic chemistry, and their nomenclature could 
not be advantageously discussed here. 

It has been abeady mentioned that by the mutual action of 
an acid and a base upon each other, a talt is produced. If the 
salt be free from oxygen and sulphur, like common salt, (NaCl), 
it is termed a hahid talt ; if it contain oxygen it is termed an 
oxysaU ; and if this oxygen be replaced by sulphur, it is distin- 
tinguished as a 9ulfho9aU, 

The haloid salts are named according to the rules for binary 
compounds above given, thus : 

Name. FormulA. 

Sodic chloride NaCl. 

Calcic iodide Gala. 

Ferrous bromide FeBr,. 

Perric bromide Fe,Bre. 

Oxysalts are divided into normal, add, and basic. 

A normal salt is one in which the displaceahle hydrogen of the 
acid (see page 9) is all exchanged for an equivalent amount of 
a mef4il or qf a positive compound radical. 

The following examples will serve to illustrate this definition 
of a normal, or as it is sometimes incorrectly called, a neutral 
salt, the displaceahle atoms of hydrogen in the acid, and the 
metal by which they have been displaced in the salt, being 
printed in italics : — 

Add. Normal salt. 

Nitricacid NO,^ rSodionitrate yO^Na. 

' I Oaldc mtrate i^O^^Ca". 

Sulphuric aoid BO^S, f Potansio sulphate SO^K^. 

I Calcic sulphate 80^ Ca". 

Ph<»phorio«»d PO^JS; {Po'-«i''Phon>h»te ... PO^JT,. 

'^ * ■ I Galoio phosphate (^O^^Ca^". 

Hypophosphoroua acid .. TO^H ... Sodic hypophosphite . . FOJl^a. 
Phosphorous acid P0,H2fj ... Potassic phosphite ... PO.HJC,. 
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Add. Normal salt. 

Metaphosphorio acid . . . POg/T Lithic metaphosphate . VO^. 

P^phosphorio anid ... Tfi^H^ ... Calcic pyrophosphate ..PjO^Ca/'. 

Nordhauaen sulphuric 
acid 



Unknown acid. 



O Sodic bisulphate '^ O 

O Fotassic bichromate .•{ O 

. CrO,ir [ CrO.,K 



An acid salt is one in tohich the displaceahle hydrogen of the 
acid is onhf partially exchanged for a metal or positive compound 
radical. 

The following examples illustrate the constitution and nomen- 
clature of these salts : — 



Acid. Acid salt. 

Sulphuric acid ... 8042^3 Hydric sodic sulphate ^O^HNa, 

Carbonic add ... C0,j5^? Hydric potassic carbonate. . COjiTST. 

{Hydric disodic phosphate. . VO^HNa^, 
Dihydric sodic phosphate... VO^HJ^a. 
Microcosmic salt TO^H(NH^)Na. 

(Hydric ammoxiio lodio phoaphate.) 



Acid salts are produced almost exclusively from polybasic 
acids. 

When the number of bonds* of the metal or compound positive 
radical contained in a salt exceeds the number of atoms ofdisplace^ 
able hydrogen in the acidy the compound is usually termed a basic 
salt — as, for instance, 

Acid. Basic salt. 

Carbcnicacid CO,Il\^^^^^ CO,H,O.V'. 

■^* I Blue cupric carbonate CfiJl^Cuj^". 

„,, . ., «^ ^/Tribasic cupric sulphate SOJEL.Ou". 

These and most, if not all, other basic salts do not differ 
essentially in their constitution from the normal and acid salts. 
This will be seen from the arrangement of their atoms given 
under the different metals entering into their composition. 

* For an explanation of this term see Chap. III. p. 18. 
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The nomenclature of organic bodies is founded upon the 
same principles as that of inorganic compounds ; but its discus- 
sion could not be conveniently introduced here. 



CHAPTER III. 



CHBMICAL NOTATION. 

Symbolic Notation. — Every element is represented by a 
symbol, which is frequently the initial letter of the name 
of the element ; but as in some cases the names of two or 
more elements begin with the same letter, it is necessary to 
distinguish them by the use of a second letter in small type, 
which is either the second letter of the word, or some other 
letter prominently heard in its pronunciation ; thus carbon, 
cadmium, cobalt, and cerium all begin with the same letter ; 
but they are distinguished by the symbols C, Cd, Co, and Ce. 
In the use of the single letters, the non-metallic elements have 
the preference ; thus oxygen, hydrogen, nitrogen, sulphur, phos- 
phorus, boron, carbon, iodine, and fluorine are expressed by the 
single letters 0, H, N, S, P, B, C, I, and F ; whilst the metals 
osmium, mercury, nickel, strontium, platinum, bismuth, cobalt, 
iridium, and iron are symbolized by two letters each ; thus Os, 
Hg (hydrargyrum), Ni, Pt, Bi, Co, Ir, and Fe (ferrum). In 
the selection of the single letter for other cases, preference is 
given to the most important element ; thus sulphiir, selenium, 
and silicon are all non-metallic elements, beginning with the 
same letter, but sulphur' being the most important, the single 
letter S is assigned to it ; whilst seleniimi and silicon are de- 
noted respectively by Se and Si. 

The symbols of compounds are formed by the simple juxta- 
position of the symbols of their constituent elements. Such a 
group of two or more symbols is termed a chemical formula. 
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Thua: 

Argentic chloride AgCL 

Zincic oxide ZnO. 

The symbols not only represent the elements for which they 
are used, but they also denote a certain definite proportion by 
weight of each element ; the formula HGl, for instance, does 
not merely denote a compound of hydrogen and chlorine, but 
it signifies a molecule of that compound containing one atom 
(1 part by weight) of hydrogen, and one atom (35*5 parts by 
weight) of chlorine. When, therefore, the molecule of a com- 
pound contains more than one atom or combining proportion 
of any element, it is necessary to express such fact in the for- 
mula : this is done by the use of a coefficient placed after the 
symbol of the element : 

Zincic chloride ZnCla- 

Ferric chloride FcjCl,. 

Stannous chloride SnClj,. 

Stannic chloride SnCl^. 

When it is necessary to denote two or more molecides of 
any compound, a large figure is placed before the formula of 
the compound ; such a figure then afiects every symbol in that 
formula : thus 3SO4H3 means three molecules of the compound 
SO,H,. 

The changes which occur during chemical action are expressed 
by equations, in which the symbols of the elements or compounds, 
as they exist before the change, are placed on the left, and 
those which result from the reaction on the right. Thus, taking 
an example from each of the five kinds of chemical action 
above mentioned, we have 

(1) Zn + Ca, = ZnCl,. 

Zina Chlorine. Zi&do diloride. 

(2) 2Ha + Na, = 2N8C1 + H,. 

Hydroohlorio add. Sodium. Sodio chloride. Hjdrogen. 

(8) SO.Cu + (NO.),Ba = SO^Ba + (NOJ.Cu. 

Onprie sn^hAte. Boric Ditrate. Baric fulphate. Cnpric nitrate. 
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(4) (CN)O(NHJ = N,H,(CO). 

Ammonio ejuutte. Urea. 

(5) 20H, = 0. + 2H,. 

Water. Oxygen. Hydrogen. 

The sign +, as seen from the foregoing examples, is placed 
between the formuls of the molecules of the different substances 
which are brought into contact before the reaction, and of 
those which result from the change. This sign must never be 
used to connect together the constituents of one and the same 
chemical compound. 

The sign — is only very rarely used in chemical notation, 
but when employed it has the ordinary signification of abs- 
traction; thus, 

80,11, - H,0 = SO,. 

Snlphurio add. Water. Snlphoric aahydride. 

Use of the bracket — The bracket has been employed in 
various senses in chemical formulae ; but in the following pages 
it is used in notation for one purpose only, viz. for expressing 
chemical combination between two or more elements which 
are placed perpendicularly with regard to each other and next 
to the bracket in a formula. Thus in the following cases, 

I. n. III. 

fCH, rcH, cool 

t CH, ^ O Ba ^ 

[CH, COO J 

the formula No. I. signifies that two atoms of carbon are 
directly united with each other, No. II. that two atoms of car- 
bon are linked, as it were, together by an atom of oxygen, the 
latter being united to both carbon atoms, whilst in like manner 
No. in. expresses the fact that one atom of oxygen in the for- 
mula of the upper line is linked to another atom of oxygen in 
the formula of the lower line, by an atom of barium. 

Ute qf thick lettert, — As a rule, the formulae in this book are 
so written as to denote that the element represented by the 
first symbol of a formula is directly united with all the active 
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bonds of the other elements or compound radicals following 
upon the same line : thus the formula SO^Ho, (sulphuric acid) 
signifies that the hexad atom of sulphur is combined with the 
four bonds of the two atoms of oxygen, and also with the two 
bonds of the two atoms of hjdrozyl. Such a formula is termed 
a rational fanntda^. 

Occasionally, however, owing to the atomic arrangement of 
a compound not being known, its formula cannot be written 
according to this rule ; and in order to prevent such more or 
less en^pirical formula from being mistaken for rational for- 
mul», the first symbol of a rational formula will always be 
printed in thick type whenever the element has more than one 
bond. It deserves also to be mentioned that, as a rule, the ele- 
ment having the greatest number of bonds will occupy this 
prominent position. Thus, 

Sulphuric acid SOjHo,. 

Water OH,. 

Nitricacid NO^Ho. 

Microcosmic salt POHoAmoNao. 

Atomicity ot elements. — It has been already stated that 
the atomic weight of an element is the smallest proportion 
by weight in which that element enters into or is expelled 
fix>m a chemical compound. The atoms of the various ele- 
ments, the relative weights of which are thus expressed, 
exhibit very different values in chemical reactions. Thus an 
atom of zinc is equivalent to two atoms of hydrogen ; for when 
zinc is brought into contact with steam at a high tempera- 
ture, one atom of zinc expels from the steam two atoms of 
hydrogen and occupies their place — thus, 

OH, + Zn = OZn + H,. 

Water. Zindo oxide. 

Again, when zincic oxide is brought into contact with hydro- 
chloric add, the place of the zinc becomes once more occupied 

* For further information on this subject see Atoxioitt of £lemeht8 
below. 
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by bydrogen, but two atoms of hydrogen are found to be neces- 
sary to take tbe place of one atom of zinc : 

OZn + 2HC1 = ZnCl, + OH,. 

Zinoio oxide. Hydroohloirio acid. Zindc chloride. Water. 

In like manner one atom of boron can be substituted for 
three atoms of hydrogen, one atom of carbon for four, one of 
nitrogen for five, and one atom of sulphur for no less than six 
atoms of hydrogen. 

To give a concrete expression to these facts, the atom of 
hydrogen may be represented as having only one point of 
attachment or bond by which it can be united with any other 
element, zinc as having two such bonds, boron three, and so 
on. Thus the atoms of these elements may be graphically 
represented in the following manner : — 

Hydrogen (hV. 

Zinc -®- 

Boron 



¥ 



Carbon 



Nitrogen jET 

Sulphur ~\lr" 

In symbolic notation, the same idea is conveyed by the use 
of dashes and Boman numerals placed above and to the right 
of the symbol of tbe element ; thus, 

Hydrogen. H', Carbon C^ 

Zinc Zn", Nitrogen N^ 

Boron B'", Sulphur S^ 

No element, either alone or in combination, can exist with 
any of its bonds disconnected ; hence the molecules of all ele- 
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ments with an odd number of bonds are generally diatomic, and 
alway$ polyatomic \ that is, they contain two or more atoms of 
the element united together. Thus, 

Symbolic. Graphic. 

Hydrogen H, (u) — (5) 

Chlorine CI, — 

Nitrogen N/ Q^S 

0=0 
Phosphorus P/ F |l| 

©=© 

An element with an even number of bonds can exist as a 
monatomic molecule, its own bonds satisfying each other. 
Thus, 

Symbolic. Graphic. 

Mercury Hg" (®^ 

Cadmium Cd" r%^ 

Zinc Zn" (%^ 

It is nevertheless obvious that such an element may also 
exist as a polyatomic molecule. Oxygen furnishes us with an 
example of this ; for, in its ordinary condition it is a diatomic 
molecule, and in the allotropic form of ozone, a triatomic 
molecule : 

Symbolic. Graphic. 

Oxygen O," (»>=© 

0-0 

Oasone 0," \ / 


This combining value of the elementary atoms is usually 
termed their atomicity or atom-Jiaing power. An element with 



20 CHEMICAL NOTATION. 

one bond is termed a 9nonad, with two bonds a dtfad, with three 
a triad, with four a tetrad, with five a pentad, and with six a 
hexad. Elements with an odd number of bonds are termed 
perissads, whilst those with an even number are named artiads. 

In order to avoid the unnecessary use of atomicity-marks in 
symbolic notation, I shall never attach them to a monad or to 
oxygen, which, it must be remembered, is always a dyad. Neither 
will the atomicity-coefficient be attached to the tetrad element 
carbon, in the formul® of organic bodies, unless this element 
plays the part of a dyad — an occurrence of extreme rarity. 
When not otherwise marked, therefore, carbon must always be 
understood to be a tetrad. 

It will also, as a rule, be unnecessary to mark the atomicity 
of the elements which are expressed by symbols in thick type, 
because their atomicity is clearly indicated by the sum of the 
atomicities of the elements or compound radicals placed to their 
right, or connected with them perpendicularly by a bracket. 
Thus in the formula 

jccv 

each atom of carbon is united with three atoms of the monad 
chlorine, whilst the bracket indicates that the two atoms of 
carbon are also united, thus stamping C as a tetrad element. 

Erom what has just been said with regard to carbon, it is 
evident that the atomicity of an element is, apparently at least, 
not a fixed and invariable quantity : thus nitrogen is sometimes 
equivalent to five atoms of hydrogen, as in ammonic chloride, 
(N^H^Cl), sometimes to three atoms, as in ammonia (N'"H3), 
and sometimes to only one atom, as in nitrous oxide (N^O) . 
But it is found that this variation in atomicity always takes 
place by the disappearance or development of an even number 
of bonds : thus nitrogen is either a pentad, a triad, or a monad ; 
phosphorus and arsenic, either pentads or triads ; carbon and 
tin, either tetrads or dyads ; and sulphur, selenium, and tellu- 
rium, either hexads, tetrads, or dyads. 

These remarkable fieu^ts can be explained by a very simple 
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and obvious assumption, viz. that one or more pairs of bonds he- 
hnffing to one atom of the same element can unite and, having 
saturated each other, become, as it were, latent. Thus the pentad 
nitrogen becomes a triad when one pair of its bonds becomes 
latent, and a monad when two pairs, bj combination with each 
other, are, in like manner, rendered latent, — conditions which 
may be graphically represented thus : — 

Pentad. Triad. Monad. 

)k ^ ^<^ 

And in the case of sulphur : 

Hexad. Tetnd. Dyad. 

^ ¥ -§- 

Adopting this hypothesis, it will be convenient to distinguish 
the maximum number of bonds of an element as its absolute 
atomicity, the number of bonds united together as its latent 
atomicity, and the number of bonds actually engaged in linking 
it with the other elements of a compound as its active atomicity. 
The sum of the active and latent atomicity of any element must 
evidently always be equal to the absolute atomicity. Thus in 
sidphuric acid (8*^)21103) the absolute and active atomicities 
are both =yi, therefore the latent atomicity =0. In sulphu- 
rous acid ("S'^OHoj) the active atomicity ==iv, and conse- 
quently the latent =svi— iy=sii ; whilst in sulphuretted hydro- 
gen (*^S"HJ the active and latent atomicities are respectively 
II and lY. 

The apparent exceptions to this hypothesis disappear on 
investigation : thus iron, which is a dyad in ferrous compounds 
(as PeCl^), a tetrad in cubical pyrites (PeS,"), and a hexad 
in ferric acid (PeOjHOa), is apparently a triad in ferric chlo- 
ride (FeClg) ; but the vapour-density of ferric chloride shows 
that its formula must be doubled — that, in fact, the two atoms 
of the hypothetical molecule of iron (FeJ have not been com- 
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pletely separated. The formula of the ferrous and ferric 
chlorides and of ferric acid then become 



Graphic. 




Symbolic. 
Ferrous chloride, . ^Te"C\^. 

Ferric chloride ... "Te'",Cl.. 
Ferric acid Pe^O^Hoj. 



Again, mercury is apparently a monad in mercurous chlo« 
ride (calomel, HgCl) and a dyad in mercuric chloride (cor- 
rosive sublimate, Hg"Cl2); but there are strong reasons for 
believing that the formula of calomel ought to be doubled, in 
which case mercury would assume the dyad form in both com- 
pounds: 

Mercurous chloride ... Hg'^Cl,. @-(§y-@-@ 

Mercuric chloride Hg"Cl,. (^y@-@ 

It will be remarked that the number of bonds supposed to 
be combined with each other in the atom of iron in ferrous 
chloride is expressed in the above symbol by the atomicity 
numeral rv placed to the left of the symbol, whilst the analo- 
gous union of three bonds of each atom of iron in ferric chlo- 
ride is expressed by the three dashes'" to the left of the symbol 
Fe,. I shall not, however, use these coefficients of latent ato- 
micity in the case of the single atom of an element, the student 
being supposed to have made himself acquainted with the abso- 
lute atomicity of every element as expressed in the Table at 
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page 32. For a similar reason, it will also rarely be necessary 
to express the same idea in graphic notation : thus, for instance, 
ammonia will be drawn 



It will be necessarj, however, to employ these coefficients in 
symbolic formulae, where two or more atoms of the same ele- 
ment are joined together under such circumstances, that the 
number of bonds uniting them cannot be found by subtracting 
the coefficient of active atomicity from the absolute atomicity 
of the element ; as in hydric persulphide ('S'^Hj), for instance, 
which might otherwise be viewed as '"S'^H,, or ^S'^EL,. 

In rare cases, in which oxygen links together two elements 
or radicals in the same line, a hyphen is placed before and 
after the symbol O, thus : — 

fCH,-0-CMeO 
\CH,-0-CMeO* 

Diaoetio gljool. 

Graphic Notation. — This mode of notation, although far 
too cumbrous for general use, is invaluable for clearly showing 
the arrangement of the individual atoms of a chemical com- 
pound. It is true that it expresses nothing more than the 
symbolic notation of the same compotmd, if the latter be written 
and understood as above described ; nevertheless the graphic 
form affords most important assistance, both in fixing upon the 
mind the true meaning of symbolic formuke, and also in making 
comparatively easy of comprehension the internal arrangement 
of the very complex molecules frequently met with both in 
mineral and organic compounds. It is also of especial value in 
rendering evident the causes of isomerism in organic bodies. 
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Grraphic notation, like the above method of symbolic notation, 
iM founded almost entirely upon the doctrine of atomicity, and 
consistB in representing, graphically, the mode in which every 
bond ina chemical compound is disposed of. Inasmuch, however, 
as the principles involved are precisely the same as those already 
described under the heads of syhbolio itotatiok and atomicity 
OT blements, it is unnecessary here to do more than give the 
following comparative examples of symbolic and graphic for- 
mula: — 

Symbolic. Ghraphic. 

Water OH,. 0-0-0 

Co) 
Nitricacid NO^Ho. CnMoWhI 

Amnionic chloride NH.CL ©-©"O 

(6 ^ 
fo) 

Sulphuric anhydride SO,. (stifoi 

fo) 

Sulphuric acid SO,Ho,. 0-0-{sMoWh1 

ToJ 

Carbonic anhydride COj. 0=0=© 

Potassic carbonate COKo,. 0-0-0-0-0 
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Symbolic. Grtphia 



Manh-gas CH«, 



Ammonic carbonat6,CO Amo, 



Zindc nitrate 




It must be carefully borne in mind that these graphic for- 
mula are intended to represent neither the shape of the mole- 
cnles, nor the relative position of the constituent atoms. The 
lines connecting the different atoms of a compound, and which 
might with equal propriety be drawn in any other direction, 
provided they connected together the some elements, serve 
only to show the definite disposal of the bonds : thus the for- 
mala for nitric add indicates that two of the 
three constituent atoms of oxygen are com- 
bined with nitrogen alone, and are conse- 
quently united to that element by both their 
bonds, whilst the third oxygen atom is com- 
bined both with nitrogen and hydrogen. 

The lines connecting the different atoms of a compound are 
but crude symbols of the bonds of union between them ; and it 
is scarcely necessary to remark that no such material con- 
nexions exist, the bonds which actually hold together the atoms 
of a compound being in all probability, as regards their nature, 
much more like those which connect th^ members of our solar 
system. 

It may also be here mentioned that graphic, like symbolic 
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formula, are purely sfcatical repreBentations of chemical com- 
pounds, they take no cognizance of the amount of potential 
energy associated with the different elements. Thus in the 
formuke for marsh-gas and carbonic anhydride, 



0=0=0 



Manh-gas. Carbonic anhydride, 

there is no indication that the molecule of the first compound 
contains a vast store of force, whilst the last is comparatiyelj 
a powerless molecule. 




CHAPTER IV. 

OOMPOUIO) RADICALS. 

This term compound radical may be applied to any group of 
two or more atoms, which takes the place and performs the 
functions of an element in a chemical compound. In practice, 
however, it is only applied to any such group when the latter 
is met with in numerous chemical compounds. 

An element is a simple radical, and enters into combination 
in the following manner, a, 5, c, and d being monad elements, 
a" a dyad, a'" a triad, and cf^ a tetrad element : — 

a + h^abf 
a"^2b^a"b^ 

a"'H-35«a'"ft„ 

A group of elements ^placing a, cf^, or a'" in the above equa- 
tions is a compound radical, as in the following examples. 
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(«"A) + J=(«"J)>, 

(«'">)" +2J=(«"'J)"J„ 

(a"'*«) + 6=(a"'*c)6, 

(<i"J)"' +8J-(<i'^*)"'J„ 

l<fhed) + h^(ti''bcd)b. 

The group of elements {d'l) conBtitutes a compound monad 
radical equivalent to one atom of hydrogen or chlorine. The 
group (a"'5)" is a compound djad radical, &c. It is there- 
fore evident that a polyad element is essential to every com- 
pound radical ; in fact a compound radical cormsU of one or 
more atoms ofapohfod clement in which one or more bonds arc 
unsatisfied; and it is either a monody dtfady triad, Sfe, radical, ac- 
cording to the number of monad atoms required to satisfy its 
active atomicity. Such a radical, when a monad, triad, or pentad, 
camiot exist as a separate atom; like hydrogen or nitrogen, 
when isolated, it combines with itself, forming a diatomic mole- 
cule. It is only by the union of two atoms that the vacated 
bonds can in these cases be satisfied. 

From the above definition of % compound radical, it is evi- 
dent that an almost infinite number of such bodies must exist ; 
for in the compounds of every polyad element it is only neces- 
sary to vacate successive bonds to create each time a new com- 
pound radical. Thus marsh-gas (CH«) minus one atom of 
hydrogen gives the compound radical methyl (CH,); minus two 
atoma of hydrogen, it forms methylene (GH,)", and by the 
abstraction of tiuree hydrogen atoms it is transformed into the 
triad radical formyl (OH)'"; but, except in a few cases, it is 
not advantageous thus to incorporate, as it were, compound 
radicals, which, instead of simplifying notation and nomencla- 
ture, would, if thus multiplied, only embarrass them. No 
compound radical, therefore, ought to receive a recognition as 
such unless it can be shown to enter into the composition of a 
large number of compounds. 

The following are the names and formula of the chief inor- 

c2 
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ganic compound radicals recognized in the notation of this 
book : — 







Atomic formnls. 


fttomic formula. 


Sydroxyl .... 


.... (HO), 


HO 


Ho. 


Hydrosulphyl. 


.... (HS), 


HS 


Hs. 


Ammonium 


.... (NHJ, 


NH, 


Am 


Ammonoxyl . 


.... (NKfi\ 


NH«0 


Amo. 


Amidogen 


.... (NH.), 


NH, 


Ad. 



In addition to these, certain compounds which metals form 
with oxygen are also regarded as compound radicals — ^for 
instance, 



Molecular Atomic Abbreviated 

formulae. formoUe. atomic formula. 



PotMsoxyl (KO), KO Ko. 

(O 
Zincoxyl (ZnO,) \Zn" Zno". 



^Zn" 
10 



The essential character of these last compound radicals is 
that the whole of the oxygen they contain is united with the 
metal by one bond only of each oxygen atom, as seen in the 
following graphic formula : — 

Hydroxyl ~"®~® 

PotasBoxyl -^o)-l^ 

Zincoxyl _/o^_g^__^^- 

The metal thus becomes linked to other elements by these 
dyad atoms of oxygen. G^ie functions of such compound radiealp 
will be sufficiently evident from the following examples oi 
compounds into which they enter, and in which their poBitdon 
is marked by dotted lines. 



Nitric acid 



H2hS) 
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Potasaic sulphate ... 



Baric nitrate 



Zincic sulphate 




It is not necessary to dignify all these metallic compoimd 
radicals with names ; the chief point of importance about them 
is their abbreyiated notation, in which the small letter o is 
attached to the symbol of the metal, the atomicity of the radical 
being marked in the usual manner. It must be borne in mind 
that the niunber of atoms of oxygen in any radical of this class 
depends upon its atomicity : thus a monad contains only one 
atom of oxygen, a dyad two, and a triad always three atoms of 
oxygen. The use of any but monad and dyad metallic compound 
radicals is very rare. 
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CHAPTER V. 

ATOMIC AND MOLSCULAB COMBINATION. 

In all the cases of chemical combination considered in the 
above Chapters, a union of atoms has been invariably contem- 
plated. This atomic union is generally attended by the breaking 
up of previously existing molecules — ^two such molecules, by 
the mutual exchange of their atomic constituents, producing 
two new and perfectly distinct molecules. Thus when chlorine 
unites with hydrogen to form hydrochloric acid, a molecule 
of chlorine and one of hydrogen yield up their constituent 
atoms, forming two molecules of hydrochloric acid, 

C1,H-H,=2HC1. 

In comparatively rare cases, two molecules combine to form 
only one new molecule ; thus a molecule of carbonic oxide and 
oQe of chlorine combine to form one molecule of carbonic 
oxydichloride or phosgene gas : but the union is even here 
essentially atomic ; for after combination both the oxygen and 
chlorine are directly united with the atom of carbon : 

c"o + CI, = a^oci,. 

Carbonic oxide. Chl(»ine. Phosgene gas. 

Chemists are, however, compelled to admit an entirely dif- 
ferent kind of union, which not unfrequently occurs, and which 
may be appropriately termed molecular union or molecular com- 
Unation. In the formation of such compounds, no change takes 
place in the active atomicity of any of the molecules. It ia 
this kind of combination which holds together salts and their 
water of crystallization, as, for instance, 

Sodic chloride crystallized at— 10°C NaCl, 20H,. 

Sodic bromide crystallized below ^- 30°C. . . .NaBr, 20H,. 
Sodic iodide crystallized below -h 50° C....NaI, 20H,. 
Alum S,0/Al,"'0.rKo„240H,. 
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The researches of Tyndall upon the absorption of radiant 
heat by diffeient yaponrs, render it more than probable that 
aqueous vapour does not consist of an assembhige of single and 
separate molecules of the compound OH,, but of groups of 
these molecules of great complexity, united without contraction 
of volume. 

Numerous other instances of molecular combination might 
be adduced ; but it is only necessary here to point out that such 
molecular unions will be distinguished from atomic combi- 
nations by the use of the comma, as in the above tmi following 
examples : 

Tetramethylammonic tri-iodide IfMe^ I, I,. 

Tetramethylammonic pentiodide NMoa 1, 21^, 

Tetramethylammonic iodo-dichloride .NMe^I, CI,. 

In aU cases molecular combination seems to be of a much 
more feeble character than atomic union ; for, in the first place, 
such bodies aregenerally decomposed withfacility ; and secondly, 
the properties of their constituent molecules are markedly per- 
ceptible in the compounds. Thus the above so-called perio- 
dides of the organic bases present in appearance great resem* 
blance to iodine. 



CHAPTER VI. 

CLASSIFICATION OF ELEMENTS. 

It has already been mentioned that the elements may be 
divided into two great classes, the metals and the non-metals 
or metaUoids. A second division into positive or basylous and 
negative or chlorous elements has also been explained. A 
third and still more important classification is founded upon 
the atomicity of the elements. In the following classified Table 
all three methods are embodied, the metalloids being printed 
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in red type, and the metalB in black, whilst the positive or 
basjlous elements are printed in Boman characters, and the 
negative or chlorous in italics. In addition, the different 
classes are also divided into sections, consisting of elements 
closely related in their chemical characters. 



Monads. 


Pjads. 


Triads. 


Tetrads. 


Pentads. 


Heads. 


iBt Section. 
Hydrogen. 


1st Section. 
Oxygen. 


1st Section. 
Boron. 


1st Section. 
Carbon. 
Silicon. 
Tin. 
Titanimn. 


1st Section. 
Nitrofren. 
Phosi)hora8. 
Anenia 
Antimony. 
Bismuth. 


1st Section. 
Suiphur. 
SeUnium, 


andSeofeion. 

Fluorine. 

Chlorint. 

BromiM. 

lodiM. 


and Section. 

Barium. 
Strontinm. 
Calcium. 
Ma«neanm. 


and Section. 
Gold. 


TeUmrium. 




and Section. 

Thorinum. 
Niobium. 
Tantalum. ■ 


and Section. 




Tungsten. 

Vanadium. 

Molybdenum. 


3rd Section. 

Cesium. 
Bubidiom. 
Potassium. 
*8odium. 
Lithium. 


8rd Section. 
Didymium. 

Yttrium, 
aiooinnm. 


8rd Section. 

Osmium. 
Iridium. 
Bnthenium. 1 
Bhodium. 


8rd Section. 

Platinum. 
Palladium. 




Thallium, 
surer. 


4th Section. 

Cadmium. 
Mercxiry. 
Copper. 


4th Section. 
Lead. 


4th Section. 

Chrominm. ! 

Manganese. 

Iron. 

Cobalt. 

Nickel. 

Uranium. 

Cerium. 



CHAPTER VII. 

WBiaHTS AND MBASUBES. 

The weights and measures employed in this book are chiefly 
those of the Prench decimal system. The following Tables, 
published by Messrs. De la Bne and Co., will enable the 
student to convert these into their English equivalents when- 
ever this may be necessary. 
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In English 


In English 
feet»ia 
inches. 


In English 
7>Mt8=Bfeet. 


In English 
feet. 


In English 

miles- 
1760 yards. 


1 MillimfetPB 

iS^gr :::::: 

Metre 


0-03937 

0-30371 

3-93708 

89-37079 

393-70790 

8987-07900 

39370-79000 

893707*90000 


0-003281 

0-032809 

0-328090 

3-280899 

88>80899a 

838-089920 

8280-899200 

32808-992000 


0-0010986 

0-0109863 

0-1093633 

1-0986381 

10i»63310 

109-8633100 

1093-8331000 

10036-8810000 


0-0005468 

0-0064682 

0-0646816 

0-5468166 

6-4681665 

54-6816550 

546-8165500 

6468-1656000 


00000006 
0-0000062 
0-0000621 
0-0006214 
0-0062188 
0-0621882 
0-6213824 
6-2138244 


! IteJMnitre 

EilonUAre 

Myriom^tre 


1 iiieha2-59M54 oentim^fcrtw. 1 7srdB0-914S8S5 m^tre. 
1 foot =3-0479449 dtfoimfetres. 1 mile » 1-6093149 IdlomMre. 



^eneh Measures of Swrfaee, 





InBngUsh 
square feet 


In English 
square ysrds 


In English 
poless: 


In English 

roodsB 

10890 sq. 

foet 


In English 

aeress 

43560 sq. 

feet 


Centiare or sq. mMre 

Are or 100 sq. metres 

Heetve or 10,000 \ 

sqosre mtees... /• 


10-764299 
1076-429984 

107642-998418 


1-196033 
119-608326 

11960-832602 


0^)896388 
8-9538290 

896-8828069 


0-0009886 
0-0988457 
9-8846724 


0-0002471. 
OH)247114 

2-4711431 


1 sqnan indiB6-451366e square oentiniMarefl. 

1 square ysrd=0-83609715 sqnaie mtee or centiare. 
1 acre =0*40467102 hectare. 



French Measures of Capaeity, 



Inoabto 
indiea. 



In cubic 
feets 

1728 cubic 
inches. 



In pints 

84-fe928 

cubic 

inches. 



IngsUons 

B8pints 

=277^384 

cubic inehes. 



In bushels 
b8 nUons 
=321819075 
cubic inohesb' 



ICillililreoroobiooai- \ 

timtere / 

Centilitre <x 10 cubic \ 

centunitrea / 

Decilitre or 100 onbiel 

centimitrea / 

litre or cubic d^mHre 
IHksalitre or oentist^re. 
Hectolitre or dddstire.. 
Kilditre, or Sttee, or I 

eaUomifetre / 

ICjiiolitreor 



0-06108 
0-61027 

0-1O271 

61-02705 
610-27052 
6102-7051O 

61027-06163 

decMttee.. 610270-61519 



0-000035 
0-000358 

0008632 

0<»5817 
0-853166 
8-531658 

86*816581 

868*165807 



000176 
001761 

0-17608 

1-76077 
17-60773 
176-07734 

1760-77841 

17607-73414 



0-0002201 
OOQ32010 

0-0820097 

0-2200967 
2-2009668 
22*0096677 

2200060767 

22000667676 



0-0000275 
0-0002751 

0-0027612 

0-0275121 
0-2761206 
2*7512085 

27-6120846 

276*1206469 



1 cubic iaoh=16-886176 cubic oentimMres. 

1 cubic foot =28-815312 cubic d^drnfetres, or litres. 

1 gallon =4-548858 litresb 



c5 
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I^ench Measures 


of Weight, 




1 


In English 
grains. 


In troy 
oonoess 
480 grains. 


In aToirdn- 

P0i8lb8.:== 

7000 grains. 


IncfweB.= 
112 lU.s= 
784000 grs. 


Tons— 

20cirta.= 

15680000 gn. 


MillignLn^.. 


0-01M8 

0-164S2 

1-64323 

15-43286 

154-82349 

1643-28488 

15482-34880 

154323-48800 


0^)00082 
0000322 
0-003215 
0-032161 
0-321507 
3-215073 
32-150727 
321-507267 


0-0000022 
0-0000220 
0-0002205 
0^)022046 
0-0220462 
0-2204621 
2-2046213 
22K)46212« 


OWOOOOO 
OH)000002 
0-0000020 
OK)000197 
0-0001968 
0-0019684 
0-0196841 
0-1968412 


0-0000000 i 




O-OOOOOOO ' 




0-0000001 


Cframmit 


o^xxwoio 1 




0-0000098 


HAAtngrvntnA 


0-0000984 1 


' KUo^^mmme 


0-0009842 


MjiTogramme 


0<)008421 



1 grain 

1 troy M.sdl-10349<rgramme«. 



=0-064799fframme. 
(496grammo 



1 lb. avoir. =0-453593 Idlogr. 
1 owt «50-802377 Icilogrs. 



Temperatures are expressed upon the Centigrade scale, and 
barometric measurements are given in xniUimetres. 

For the readj conversion of gaseous volumes into weights, I 
have adopted the crith, or standard multiple proposed hj Dr. 
Hofmann. The crith is the weight of one litre or cubic deci- 
metre of hydrogen at (f C. and at a pressure of 760 millimetres 
of mercury. The following is Dr. Hofinann's description of 
the value and applications of this unit. 

" The actual weight of this cube of hydrogen, at the standard 
temperature and pressure mentioned, is 0*0896 gramme; a 
figure which I earnestly beg you to inscribe, as with a sharp gra- 
ving tool, upon your memory. There is probably no figure in 
chemical science more important than this one to be borne 
in mind, and to be kept ever in readiness for use in calculation 
at a moment's notice. For this litre-weight of hydrogen 
=00896 gramme (I purposely repeat it) is the standard 
multiple, or coefficient, by means of which the weight of one 
litre of any other gas, simple or compound, is computed. Again, 
therefore, I say, do not let slip this figure — 0*0896 gramme. 
So important, indeed, is this standard weight unit, that some 
name — the simpler and briefer the better — ^is needed to denote 
it. For this purpose I venture to suggest the term erithj de- 
rived from the Greek word xpiBii, signifying a barley-corn, 
and figuratively employed to imply a small weight. The weight 
of 1 litre of hydrogen being called 1 crith, the volume-weight 
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of other gases, referred to hydrogen as a standard, may be ex- 
pressed in terms of this unit. 

" Por example, the relative volume-weight of chlorine being 
35-5, that of oxygen 16, that of nitrogen 14, the actual weight 
of 1 litre of each of these elementary gases, at 0^ G. and 0^-76 
pressure, may be called respectively 85*5 erithif 16 crithi, and 
14 criths, 

'^ So, again, with reference to the compound gases ; the rela- 
tive volume-weight of each is equal to half the weight of its 
product-volume. Hydrochloric acid (HCl), for example, con- 
sists of 1 vol. of hydrogen -1-1 vol. of chloriness2 volumes ; 
or, by weight, 1-f- 35*5 =36*5 units ; whence it follows that the 
relative volume- weight of hydrochloric acid gas is ^s=18*25 
unit«; which last figure therefore expresses the number of 
criihs which one litre of hydrochloric acid gas weighs at (f C. 
temperature and 0™'76 pressure; and the crith being (as I 
trast you already bear in mind) 0*0896 gramme, we have 

18-25 x00896=l-6352 

as the actual weight in grammes of hydrochloric acid gas. 

" So, once more, as the product-volume of water-gas (H,0) 
(taken at the above temperature and pressure) contains 2 
vols, of hydrogen + 1 vol. of oxygen, and therefore weighs 2-1-16 
=18 units, the single volume of water-gas weighs y =9 units ; 
or, substituting as before the concrete for the abstract value, 
1 litre of water-gas weighs 9 eriihi ; that is to say, 9 x 0*0896 
gramme=s0'8064 gramme. 

" In like manner the product-volume of sulphuretted hydro- 
gen (tt,S)=2 litres of hydrogen, weighing 2 criths, -hi litre 
of sulphur-gas, weighing 32 criths, together 2 -|- 32 =84 criths, 
which, divided by 2, gives y =17 criths =17 X 0*0896 gramme 
=1*5232 gramme —the weight of 1 litre of sulphuretted hydro- 
gen at standard temperature and pressure. 

" And so, lastly, of ammonia (NH3) ; it contains in 2 litres 
3 litres of hydrogen, weighing 3 criths, and 1 litre of nitro- 
gen, weighing 14 criths; its total product- volume-weight is 
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therefore 3+143sl7 critbs, and its single yolume or litre 
weight is consequently 

y =8-5 criths=8-5 x 00896 gramme =0'7616 gramme. 

"Thus, by the aid of the hydrogen-litre-weight or crith 
SB 0*0896 gramme, employed as a common multiple, the actual 
or concrete weight of 1 litre of any gas, simple or compound, 
at standard temperature and pressure, may be deduced from 
the mere abstract figure expressing its volume-weight relatively 
to hydrogen." 



CHAPTER VIII. 

HONAD ELEMENTS. 

Section I. 

HTDSOOEir, H,. 

Atomic vmght si. Molecular weight s=2. Molecular volume 
m . 1 Utreweighe 1 crith, Atomicitg', being the etandard 
of comparison. 

Occurrence. — ^In combination, as water, in very large quan- 
tities in nature. In almost all vegetable and animal sub- 
stances, and in many minerals. In the free state in the gases 
of volcanoes. In certain stars and nebulse ? 

Freparation, — I. By the action of sodium upon water : — 

20H, + Na, = 20NaH + H,. 

Water. Sodiom. Bodiohjdnte. Hydrof^eii. 

2. By the action of sodium upon dry hydrochloric add ; — 
2HC1 + Na, = 2NaCl + H,. 

Hydrochlorie acid. Sodium. Sodic ohloride. HjdrogeB. 
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3. Sy the action of zinc, iron, or certain other metaU on 
hydrochloric add : — 

2HC1 -f Zn = ZnCl, + H,. 

Hydroehlorie add. Zinoio ohloride. 

4. By the action of zinc or certain other metals on dilute 
Bolphiiric acid : — 

SO,Ho, + Zn = SO,Zno" + H,. 

Snlphnrio add. Zindc mlphate. 

5. By passing steam over iron heated to redness : — 

re, + 40H, = *^(Pe,)^0, + 4H,. 

Water. Triferric tetroxide. 

6. By the action of zinc on a boiling solution of potassic 
hydrate : — 

20KH + Zn = ZnEo, + H.,. 

Potaidc hydrate. Potaamo smc oxide. 

7. By the electrolysis of water and of some other liquids 
containing hydrogen. 

8. By the action of intense heat upon water. 

9. In the destructive distillation of some organic substances. 

Section II. 
CHLOBIHE, CI,. 

Atomic weight =sB5'5. Molecular weight =71. Molecular volume 

I 1 1 . 1 Hire weighs 85*5 criths. Sasnot been solidified. 

Liquqfies at 15^5 C, under a preeswre of 4 aUnoepheres. 

Atomicity '. Evidence of atomicity^ HCl. 

Occurrence. — ^Always in combination — with sodium and other 

metals in sea-water, and in the solid state in the salt-beds of 

Cheshire, Worcester, &g. Evolved from volcanoes in the form 

of hydrochloric acid. 

JBreparaHon. — 1. By heating certain metallic chlorides, as 
platinic and auric chlorides : — 

FtCU « 2C1, +Pt. 

Platinio ohloride. 
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2. By gently beating a mixture of manganic oxide and hy- 
drochloric acid, when the reaction takes place in two stages : — 

BInO, -f 4HC1 = MnCL, + 20H,; 

Manganio oxide. Hydroohlotio add. Hanganio dxloride. Water. 

MnCl^ = MnCl, + CI,. 

Manganio chloride. SCanganoua chloride. 

3. By heating a mixture of sulphuric acid, sodic chloride, 
and manganic oxide, when the whole of the chlorine present is 
liberated : — 

MnO, + 280, So, + 2N'aCl = SO,Nao, + 

Hangamc oxide. Snlphoric add. Sodic chloride. Sodio lalphafce. 

SOjMno" + 20H, + CI,. 

Hanganoaa snlphafce. Water. 

If in the second process a mixture of manganic oxide, 
hydrochloric acid, and sulphuric acid be employed, the whole of 
the chlorine is evolved : — 

MnO, + SO, Ho, + 2HC1 = 

Manganic oxide. Solphnric add. Hydrochloric add. 

SO.Mno" + 2 OH, + Cl^ 

Manganic lolphate. Water. 

4. By the electrolysis of hydrochloric acid. 

Beactiona. — 1. A mixture of chlorine and hydrogen unite 
instantly, with explosion, under the influence of sunlight, or 
of powerful artificial light, or on the application of a burning 
body to the mixture. A burning jet of hydrogen continues to 
bum when plunged into chlorine, 

H. + CI, = 2HC1. 

2. Chlorine has so great an attraction for hydrogen, that it 
removes the latter from its compounds with carbon. When a 
rag moistened with turpentine is plunged into chlorine, the 
chlorine and hydrogen unite, with evolution of heat and light, 
carbon being liberated : — 

CioHie + 8C1, =s 16HC1 + IOC. 

Tivpentine. Hydrodilorio add. 
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HTDBOCHLOBIC ACID, Chlarhydric Acid, Muriatic Add. 

Ha. 

Molecular weight =36*5. Molecular volume QH- 1 ^^^^^ 
weighs 18*25 criths. Has not been eolidified. Condenses 
at l(f under a pressure of 40 atmospheres. 

Occurrence, — Evolved from volcanoes. 
Preparation, — 1. Prom its elements, as above described. 
2. By gently Heating sodic chloride with sulphuric acid, pre- 
viously diluted with a small quantity of water : — 

SOjHo, + NaCli= SO,HoNao -f HCl: 

Snlphario add. Sodio chloride, H/drio iodic lolphate. Hydrochloric add. 

or SOjHo, + 2NaCl - SO.Nao, + 2HC1. 

Sulphuric add. Sodic chloride. Sodic lolphate. Hydrochloric add. 

Beaetions. — Hydrochloric acid may be converted into salts 
termed chlorides by the action of certain metals as described 
above, and also by that of the metallic hydrates or oxides : — 

OKH -f HCl = KCl + OH,. 

Pctaaric hydrate. Hydrochloric add. Potaaaio chloride. Water. 

ZnO + 2HC1 = ZnCl, + OH,. 

Zindcoadde. Hydrodiloric add. Zindo chloride. Water. 

For the remaining monad elements of this Section, see 
Chapter XIV. 



CHAPTEa IX- 



DYAD ELEMENTS 

Section I. 

OXTGEir, 0,. 

Atomic weight slG. Molecular weight =s32. Molecular volume 
m . 1 litre weighs 16 criths. Atomicity", Evidence 
of atomicity: — 
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Water OH,. 

Potassic hydrate OKH. 

Argentic oxide O-^ga* 

Hypochlorous anhydride OCl,. 

Occurrence, — In the free state in the atmospliere. In the 
combined state in water, in most mineral bodies, and in almost 
all animal and vegetable compounds. 

Preparation. — 1. If metallic mercury be beated to its boiling- 
point with access of air, it gradually absorbs oxygen, being 
converted into mercuric oxide, IIg"0. This compound, when 
more strongly heated, is resolved into its elements, 

2HgO = 2Hg -h O,. 

Heroorio oxide. Merourf . Ozj^n. 

2. By heating native manganic oxide (pyrolusite) a portion 
of its oxygen is liberated : — 

3MnO. « «-(Mn,)vi"0, + 0,. 

Maaguiio oxide. Trimanganic tetroxide. 

3. Oxygen is evolved in nature in a remarkable manner by 
tbe decomposition of carbonic anhydride, CO,, by the green 
leaves of plants, the vegetable assimilating the carbon, whilst 
the oxygen escapes into the atmosphere : — 

CO, = C + 0,. 

Carbonic anhydride. 

4. By the action of heat upon potassic chlorate ; — 

fOCl 
(Atomic) < O =KC1 + 80, or 

• [OK 

fOCl 
(Molecular) 2^0 =2KC1 + 80,. 



OK 

Potanio chlorate. Potaono OxTgen. 

chloride. 

6. By mixing the potassic cblorate with manganic oxide, 
the oxygen is evolved at a much lower temperature ; the man- 
ganic oxide appears to take no part in the reaction. 

6. By dropping concentrated sulphuric acid into a red-hot 
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platinum retort, the acid is decomposed into oxygen, sulphu- 
rous anhydride, and water : — 

(Atomic) SO,Ho, = SO, + OH, + O, or 

(Molecular) 2SO,Ho, = 2S0, -f 20H, + 0,. 

Snlphnrlo add. Bak»harooa Water, 

anhydride. 

7. By the electrolysis of water. 

8. By the action of heat upon a mixture of manganic oxide 
and sulphuric acid : — 

(Atomic) BfnO, + SO,Ho, = SO^Mno" + OH, +0, or 
(Molecular) 2MnO, + 2SO,Ho, = 2SO,Mno"-f 2OH,+ 0,. 

Manganio Sulphnrio Hanganous Water, 

ozide. add. auiphate. 

9. By heating a mixture of potassic bichromate and sulphuric 
add: — 

rCrO,Ko 
2^0 + 8SO,Ho, = 2S0,Ko, 

[ CrO,Ko 

Potasno bichromate. Sulphuric aoid. Potassic sulphate. 

+ 28,06 ('Cr;"0,)'^ + 30, + 80H,. 

Chromic sulphate. Water. 

10. By passing steam and chlorine through a red-hot porce- 
lain tube, hydrochloric acid and oxygen are formed : — 

20H, + 2C1, = 4HC1 + O,. 

Water. Chlorine. Hydrochloric acid. 

Beaetion, — A mixture of two volumes of hydrogen and one 
Tolume of oxygen explodes at a red heat, water being produced. 
The same compound is formed when hydrogen is burnt in oxy- 
gen or oxygen in hydrogen : — 

(Molecular) 2H, 4- 0, = 20H,. 

ALLOTBOPIC OXTGEir or OZOKE, 0,. 

Molecular weight s=48. Molecular volume I ! I . 1 lUre weighs 
24 crithi. 

Preparation. — 1. When electric sparks are passed through air 
or oxygen, a peculiar odour, which is due to ozone, is observed. 
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2. By placing phosphorus in moist air at about the ordinary 
temperature for a few hours. 

8. By passing an electric current through dilute sulphuric 
or chromic acid. 

Thus obtained, ozone is always mixed with a large proportion 
of air or oxygen. 

Properties. — Powerfully oxidizing. It oxidizes the metaJa 
silver and mercury, and organic matters at ordinary tempera- 
ture. When oxygen is conyerted into ozone, contraction of 
volume takes place ; and when the ozone is heated to 290^, it is 
retransformed into the original volume of ordinary oxygen, — ^in- 
dicating that the molecule of ozone contains more atoms than 
the molecule of ordinary oxygen. 

In most cases of oxidation by ozone no diminution of the vo- 
lume of gas takes place, the additional atoms previously intro- 
duced into the molecules of oxygen being removed, and ordinary 
oxygen becoming jfree. But it has been recently shown by 
Soret, that oil of turpentine absorbs the whole molecule of the 
ozone, leaving untouched the oxygen which was previously pre- 
sent in the state of admixture. By observing the contraction 
during the production of the ozone and the diminution of 
volume produced by absorbing it with oil of turpentine, the 
density of ozone may be readily calculated, and consequently 
its atomic constitution. 

By this means the specific gravity of ozone has been shown 
to be 24, the molecular weight being therefore 48, which is the 
weight of 3 atoms of oxygen. 

In ordinary oxygen, the molecule is composed of two atoms 
of oxygen, and is represented by 

0© weighing 32. * 

In ozone the molecule contains 3 atoms of oxygen, and is re- 
presented by 

0-® 

y_X weighing 48. 



W 
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WATEB, Hydric Oxide. 
0-0-<5) OH,. 

Molecular weight =18. Molecular volume m - 1 ^^^^ of 
VKfter-vapour wdglit 9 criths. Fusee at (f. Boils at 100°. 

Occurrence, — ^Most abundantly in nature. 

Formation, — 1. Bj the direct union of hydrogen and oxygen, 
aa aboTe. 

2. Aa a secondary product in numberless chemical reactions, 
as, for instance, in the action of hydrochloric acid on potassic 
hydrate : — 

OKH + HCl = OH, + KCl. 

Poteanc hydimte. Hydrochloric aoid. Water. FotoHio chloride. 

JReactions. — 1. By its action many metallic oxides are con^> 
Terted into hydrates : — 

OK, + OH, = 20KH. 

Potaaric oxide. Water. Potaasic hydrate. 

BaO + OH, » BaHo,. 

Baric oxide. Waiter. Bario hydrate. 

2. By its action on anhydrides it transforms them into 
acids: — 

N,0, + OH, = 2NO,Ho. 

Vitrie anhydride. Water. Nitric add. 

SO, + OH, = SO,Ho,. 

Salpharic anhydride. Water. Sulphuric acid. 

P.O, + 80H, « 2POH03. 

Fhoaphorio anhydride. Water. ' Phoephoric acid. 

3. It also unites molecularly with many compounds as 
water of crystallization (see Chapter V.), as in the following 
instances : — 

BaCl„20H, Baric chloride. 

SO,Nao„10OH, Sodic sulphate. 

S,0,Ko,CAl,'"Oe)^ 240H, . . . Alum. 
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HTDBOZTL, Hydric Peroxide. 

fOH 
0-0-1-0-0 H,0,or(HO),orHo,or [ qh* 

Probable molecular weight = 34!. 

Preparation. — By passing a current of carbonic anhydride 
through water in which baric peroxide is suspended : — 

jgBa" + CO, + OH, = OOBao" + {gg- 

Btfio peroxide. Carbonio anhydride Water. Bario oarbonate. HydroxyL 

Beactions. — 1. By heat it is decomposed into water and 
oxygen : — 

2{oi = 20H, + 0,. 

HydroxyL Water. Oxygen. 

2. Hydroxyl is transformed into water by the action of nas- 
cent hydrogen : if hydroxyl be introduced into an apparatus 
generating hydrogen, the gas ceaaes to be CYolved : — 

aOJIo, + Zn+{g2 « SO,Zno" + 20H.. 

Snlphnrio add. Hydroxyl. Zineio sulphate. Water. 

3. Hydroxyl liberates iodine from potassic iodide : — 

2KI + {gg = 20e:h + I,. 

Fotawio iodide. HydroxyL Fotaaaio hydrate. Iodine. 

4. Hydroxyl is a powerful oxidizing agent ; it converts, for 
instance, plumbic sulphide into plumbic sulphate : 

PbS" + 4{gg = SO,Pbo" + 40H,. 

Plnmbio sulphide. Hydroxyl. Flnmbio sulphate. Water. 



OXIBES AND ACIDS OF CHLORINI. 
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OXXDHa AND ACUDS OF CRLORUTE. 

Oxygen forms manj compounds with chlorine and with 
cUorine and hjdrozyl ; but none of them can be produced bj 
direct combination. The following list contains all that are 
known : — 



Hypochlorous \ qqi 
anhydride J ^ 



Chloric oxide?... 

Chlorous anhy- 
dride 



Chloric peroxide 



Chloric hyper- 
oxide? 



foa 
jocr 

OCl 

• 
oa 

roci 



o • 

OGl 

oa 
o 





0k°)-® 
(2H2H°)-© 

©-0-0-0-® 
0-0-0-0-0-0 

0-0-0H0-0-0-0-® 



... „ . 

I OCl 
Hypochlorous acid, OCIH, or ClHo. 0-0-0 

Chlorous acid . . . OClHo, or | ^^- 0-0-0^ 



Chloric acid ... j ^w , or 

fOCl 
Perchloric acid -< , or 
[OHo 



OCl 

g^. gH°>-0-0-© 

fOCl 

• 0-0K«)-0-0-0 

OH 
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HTFOCHIiOBOnS AKHYDBIDK 

OCL,. 
Molecular weight =87. Molecular volume QD. 1 litre of 
hypochloroue a/nhydride vapour weighs 43-6 eriths. Boils at 
about 20°. 
Preparation, — ^By passing chlorine over mercuric oxide at a 
low temperature : — 

fHsCl 
2HgO -f 2C1, = ^0 + OCl,. 

Mewurio Mercuric Hypo^oroM 



CHLOBOVS AITHTDBIDIL 

fOCl 

o . 
OCl 



li 



Molecular weight =119. Molecular volume anomalous LLU- 
1 Utre weighs 79*4 eriths. 
Preparation, — By gently heating in a water-bath a mixture 
of potassic chlorate, nitric acid, and arsenious acid. Four dif- 
ferent reactions are to be distinguished in this operation : — 

1. {gg, + HO^o - {gSl + "O^^ 

FotaMio ahlonto. mtrioMad. Chlorioaoid. Poteaia nitnte. 

2. A«Ho, + NO^o - NOHo + AsOHo,; 

Anenioos add. Nitric add. KitxtMiaadd. Anenio add. 

8. |2g^ + NOHo « OClHo + NO,Ho; 

CUorioadd. liifcrooaadd. Chloroaa add. Nitric add. 

fOCl 
4. 2OCIH0 =0 + OH,. 

[oci 

Chlorous add. Chloroos anhydride. Water. 
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CHLOBIC FEBOXIDE. 

'OCl 


o • 

.OCl 
MoUeuiar weight &> 13S. JBoih at 20°. 

Pr^^atioH. — By tbe action of sulphuric acid on potassic 
chloi&te : — 

fOCl f°^^ 

^ {oKo+2SO^o.= . +2SO^oKo+OH,+ 9 • 

lOKo [OCJ 

PolMBe Snlpborib PoUisio fiydriepofeMsic Water. Chloric 

ohlonto. aeid. perohlor»ie. folpbBte. per<ffide. 



HTPOCHLOBOUS ACID. 

OCIH, or ClHo. 
Molecular weight « 52*5. 

Preparation. — 1. B7 the action of water on hjpochlorous 
aohydride : — 

OCl, + OH, = 2CIH0. 

Hjpodiloroiu anhydride. Water. Hypochloroua add. 

2. By the action of chlorine upon mercuric oxide in the pre- 
sence of water : — 

fHgCl 
2HrO + OH, -f 2CL = ^O -f 2ClHo. 

IHgCl 

Kercnrie oside. Water. Ohlorine. Mereanc Hypochloroaa 

ozjchloride. add. 

BeaeHone, — 1. By the action of hydrochloric acid, chlorine 
is eyolved firom hoth the hydrochloric acid and hypochloroua 
acid: — 

ClHo + HCl = CI, -f OH,, 

HtpooUoioiw aeid. H jdroohlorio add. Chlorine. Water. 
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2. By the action of argentic oxide, oxygen ia evolved from 
both compounds : — 

OAg, + 2ClHo « 2AgCl + OH, + O,. 

Arffentio HypooUoroaa Areentto Water, 

oxide. acid. chu>ride. 

3. By the action of hypochlorous acid, metallic oxides or hy- 
drates are converted into hypochlorites : — 

OKH + ClHo = ClKo + OH^. 

Potoido h jdrato. Hjpochloroiu PotaBsio Water. 

add. hypochlorite. 

It was formerly supposed that hypochlorites, together with 
chlorides, were formed when chlorine acted upon certain me- 
tallic oxides and hydrates : — 

2C1, + 2CaHo, = CaCl, + Cao"Cl, -f 20H,. 

Caldo hydrate. Caldo chloride. Calcic hypochlorite. Water. 

But the so-called chloride of lime or bleaching powder does 
not contain calcic chloride, and the true reaction appears to be 

CaHo, + CI, = Ca(OCl)Cl + OH,. 

Caldo hydrate. Bleaching powder *. Water. 

By the action of acids this compound yields free chlorine : — 
Ca(OCl)Cl + SO,Ho, = SO,Cao" + OH, + CI,. 

Bleaching powder. Snlphnrio add. Caldo ■nlphate. Water. 



CHLOROUS ACm 

OClHoorlgg. 

Molecular weight s68'5. 

Freparatiofi, — By the action of water upon chlorous anhy- 
dride: — 

[go, ^ "=■ - ^{S2. 

Chlcrooa anhydride. Water. Chlorous add. 



{i 



'©-(SH2H2). 



\OHo <" 
ibheular weight s84'5. 
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CELOBIC ACID. 

roci 



fOCl 
(OH 



Pr^pmration. — By the addon of dilute sulphuric acid upon 
baric chloiate: — 

roci 
'o 

Bao" 



- •■ + SO^o. - 2]g^^„ + SO,Bao". 
,0C1 







tOHo 



BuieaUonte. Snlfhaiio Mid. ChktioMid. Bui* iDlpliat*. 

Leeonifotitiim. — B7 boiling, it is decomposed into perchloric 
acid, water, chlorine, and oxygen : — 

roci 



8 



[^ - Jo 

tOHo - |g 



OHo + OH. + CI, + 20,. 



Chloric add. Perohlorio ftoid. Water. 

FreparoHan of Chlorates. — 1. Potassic chlorate may be pre- 
pared by the action of chlorine npon a concentrated solution 
of potaaaic hydrate : — 

60KH + 8C1, » 5Ka + {§g^ + 30H,. 

FotMrie Chlorine. PotMrio PotMrio Water. 

bydnteu ohloride^ ohlonite. 

2. Calcic chlorate is made by passing chlorine through boiling 
milk of lime : — 



6CaHo, + 6C1, - ^ Cao" + SCaCl, + 60a 




CaldcliTdrale^ Oaldo ohlorate. Caldc chloride. Water. 

By the addition of potassic chloride to the calcic chlorate, 
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potassic cUorate is formed ; the latter is tlien separated from 
tlie calcic cUoride by crjstallizatioii : — 




+ 2KC1 = 2 {§2^ + CaCl,. 



Potaano Fotaasio CfJ«io 

chloride. ohlorate. dilond«L 



PEBCHLOBIC ACID. 



OCl 
O or 
OHo 



OCl 
O 

o • 

OH 



Molecular weight b 100*5. 

Breparatian, — ^Potassic perchlorate is distilled with about 
three times its weight of sulphuric acid : — 

fOci roci 

2^0 + SO,Ho, = 2^0 . + SO,Ko.. 
tOKo [OHo 

FoCaasio perohlonite. Solphwio aoid. Ferdilorio acid. Fotaaaio nlpbato. 

The impure perchloric acid is theu carefully rectified, when 
pure perchloric acid passes over as an oily liquid towards the 
eud of the operation. 

It forms with water a white crystalline hydrate. 

Preparation qf Fotassic Perchlorate, — 1. Potassic chloiate 
is heated gradually, and the process arrested when one-third 
of the oxygen present has been evolved ; the residue then con- 
tains potassic chloride and perchlorate : — 

fOCl fOCl 

Fotaiaic ohlorate. Fotaaaio daoride. PotMaio perahlorate. 
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B7 cryBtallization the two salts are separated. 

2. When potassic chlorate is gradually introduced into boiling 
nitric acid, chlonne and oxygen are evolved, potassic nitrate 
and perchlorate being formed : — 

3 I g£^+2N03Ho=2NO,Ko + OH,+ j O +Cl,+20,. 

PotaMic ITitriotokL Fotesiio nitrate. Water. Potaeric 

cfakrate. perchlorate. 

These salts are then separated by crystallization. 



CHAPTER X. 

TBIAB BLBMEmCS. 

Seotiok I. 

BOBON, B,. 

Aiamic weight » 11. Probable molecular weight = 22. ^, gr,^ 
diamond variety^ 2*68. AtomioUy "\ JSvidence of ato- 
micity : — 

Boric chloride B"'Cl3. 

Boric fluoride B"'F,. 

Boric ethide B"'Et,. 

Oeeurrenee, — ^Found only in combination with oxygen. 
Preparation : — 

a. Jbmorphnu horon. — 1. By igniting boric anhydride with 
sodium: — 

B,0, + 3Na, = 80Na, + B,. 

Bono anhydride. Sodium. Sodic oxide. 

2. By passing boric chloride over heated potassium : — 
2BCI3 + 3K, = 6KCI + B,. 

Borie chloride. Potaaaic chloride. 

1)2 
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fi. Oraphitoidal boron, — ^By passing boric chloride over fused 

ftl uTniniiim : — 

Al. + 2BC1, - 'A1,"'C1, + B.. 

Bono ohlorida. Alnxnimo chloride. 

y. Diamond boron. — By fusing boric anhydride with alumi- 
nium: — 

AJ, + B,0. = 'A1,'"0. + B.. 

Borio anhydride. Alaminio oxide. 

Beactions: — 

a. Amorphous boron, — 1. Decomposes hot sulphuric acid : — 

B, + 3SO,Ho, = B,0. + 80H, + 3S0,, 

Sulphorio Mid. Borio uihydride. Water. Snlphnroas anh jdride. 

2. Decomposes nitric acid : — 

B, + 6NO,Ho «= 2BHo, + SW.^^O,. 

Kitrio acid. Borio add. Kitrio peroxide. 

3. Decomposes alkaline carbonates, sulphates, and nitrate : — 

B, + SCONao, = 2BNao, + 3C"0. 

Sodio oarbonato. Triaodio borate. Carbonio ozida. 

B, + 3SO,Ko, = 2BKo, + 380,. 

Fotaaiio Bolphato. Tripotaaaio borate. Snlphmons anhydride. 

B, + 6NO,Ko «= 2BKo, + 3'N,*^0,. 

Potaoaio nitrate. Tripoteioio borateu If itrio peroxide. 

4. Boron is one of the very few elements which unite directly 
with nitrogen : — 

B, + N, » 2B'"N'". 

Borio nitride. 

y. Diamond boron, — 1. When fused with hydric potassic sul- 
phate, boric anhydride is formed : — 

6SO,HoKo + B, = B,0, + 8SO,Ko, + 30H, + 3SO,. 

H jdric potaaaio Borio Poteaaio ml- Water. Bolphnroiia 

Bolphato. anhydride. phate. anhydride. 

No compound of boron with hydrogen has been obtained ; 
but the chloride, bromide, and fluoride are known. 



COMPOUNDS OF BORON. 53 

BORIC CHLOBIDK 
BCl,. 
Molecular weight =sll7'5. Moleetdar volume QD' ^ ^*^^^ 
of horie chloride vaipowr weighs 58*75 criths, Sp, gr, 1'35 
otT. BoiUaiir, 

J^reparation. — By passing chlorme over a mixture of boric 
anhydride and charcoal heated to redness : — 

B,0, + 3C1, -h C, = 2BC1, + SCO. 

Bono aahydride. B<»rio chloride. Oarl>onic oxide. 

BeacHon, — In contact with water it forms hydrochloric and 
boric acids : — 

BCl, + 80H, = 3HC1 + BH03. 

Boric diloride. Water. HjdrooUorio aoid. Boric add. 



BORIC BROMIDE. 
BBr,. 
Molecular weight «251. Molecular volume m . 1 litre of 
boric bromide vapour weighs 126'5 crttha. 8p.gr, of liquid 
«2-69. BoiUat^G. 

Prepared and decomposed in exactly the same way as the 
chloride. 



BORIC FLUORIDE. 

Molecular weight =68. Molecular volume fTl * 1 ^^^ weighs 
34 crithe. 

Preparation. — 1. By strongly heating boric anhydride with 
calcic fluoride : — 

2B,03 + 3CaF, = B.Cao," + 2BF,. 

Bone anhydride. Oaloio fliKNride. Caldo borate. Borio fluoride. 
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2. By heating together boric anhydride with calcic fluoride 
and sulphuric acid : — 

B,0, + 3CaP, + 8SO,Ho, = SSOHo^Cao" + 2BF,. 

Borio Galcio Bolphnrio Dihjdric oaldo BorieflDo> 

■ah/dride. fluoride. ackL sulphate*. ride. 

Beaetion. — By contact with water boric fluoride forms a 
peculiar acid, the hydrofluoboric acid, the constitution of which 
is not well understood : — 

4BF, + aOH, «= 3(BP„HP) + BHo,. 

Borio fluoride. Water. Hydrofluoboric add. Borio add. 

This acid acts upon metallic hydrates, forming salts : — 
BP„HF -f OKH « BF„KF + OH,. 

Hydrofluoborio Potaamo Potaamc Water. 

add. hydrate. boroflooride. 

Possibly the boron in these compounds is pentadic; thiu 
B'HF, and B'KF,. 



BOBIQ ANHTBEIDE AND ACIDS. 

Boric anhydride B,0,. 

Monobasic boric acid 

Metaboric acid 

Tribasic boric acid ... i BHo 

Boric acid 



1 BOHo. 



::} 



BORIC AlJfHTDBIDE, Boracie tmhydride. 
B.O.. 
Molecular weight = 70. Sp, yr. 1'83. 
Breparation, — ^By fusing boric acid at a red heat :— 
2BHo, = B,0, + 80H,. 

Borio add. Borio anhydride. Water* 

* See sulphuric aoid, Chap. XTTL page 81. 



BORATES. 
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BOBIC ACID, Boracie Acid, Orthohoric Acid. 
BHo,. 
Molecular weight 8.62. Sp. gr. 1*479. 

Occurrence, — Contained in the steam which escapes from the 
tuffioni in some parts of Tuscany. 

Preparation. — By the addition of hydrochloric acid to a hot 
saturated solution of borax, when the acid crystallizes out on 
cooling: — 

B,0,Nao, + 2HC1 + 50H, = 4BHo, + 2NaCl. 

Bonx. Hydroohlorio Water. Bono Sodio 

acid. acid. chloride. 

Beactione. — 1. At the temperature of 100° it loses water, 
being converted into metaboric acid: — 

BHo, = BOHo + OH,. 

Borioaoid. . Heteborio aoid. Water. 

2. By the action of metallic hydrates, oxides, or carbonates, 
borates are formed. 

The mineral iineal contains borax, an abnormal sodic borate, 
B,0,Nao„ lOOH,. 




A trimagnenc octohorate is known as the mineral horacite : — 
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BOBIC STTLPEIDE. 

BA". 
Molecular weight =118. 

FreparaHon. — Bypassing carbomc disulphide over a mixture 
of carbon and boric anhydride heated to bright redness: — 

2B,0, + 3CS;' + 8C = 23,8," + 6C"0. 

Bono Garbonio Bono Obrboaio 

anhydride. diiolphide. folphide. oside. 

Beaction. — Boric sulphide is readily decomposed by water, 
giving sulphuretted hydrogen and boric acid : — 

BA" + 60H, = 8SH, -h 2BHo,. 

Boric Water. Snlphwettod Bono 

■olphide. hydrogeii. add. 



BORIC KITBIDE. 

BN"'. 
Molecular weight =25. 

Freparation, — 1. By heating boron in nitrogen (see p. 52). 
2. By heating together borax and ammonic chloride : — 

B,0,Nao, + 4NH,C1 = 4BN'" + 2NaCH- 

Borax. Ammonio ohlorido. Borio nitride. Sodio diloride. 

70H, + 2HC1. 

Water. H jdrochlorio add. 

Beaction, — When fused with potassic hydrate, boric nitride 
yields tripotassic borate and ammonia : — 

BN" -f 30KH = BKo, + NH,. 

Bono Potaanc Tripotaaaio Amaioma. 

nitride. hjdrate. borate. 
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CHAPTER XI. 

TBTBAD BLBMBNTS. 

Sectioit I. 
CABBON, C. 

Aiomie weiglU =12. Atomicity " and *\ Evidence of atomi- 
city: — 

Carbonic oxide C"0. 

Carbonic tetrachloride... ©""Cl^. 

Marsh-gas O'^H,. 

Chloroform O^HCl,. 

Occurrence, — In large quantities in nature, but chiefly in 
combination. 

Manufacture, — By the carbonization of animal and vegetable 
matters. 



COMPOTTima OF CARBON WITH OXYGEN. 
CABBONIC AlJfHTBBIDE. 
CO, 
Molecular vjeight =44. Molecular volume I I 1 . 1 litre 
weighs 22 critha. Fusee at —57°. BoUs below its melting- 
point, 
Oecurrenee. — ^In the atmosphere, and dissolved in water. 
Formation, — By the combustion of carbon and of carbona- 
ceous substances in air or oxygen. In respiration, decay, putre- 
faction, and fermentation. During the formation of coal. 
Evolved from volcanoes. 
Freparation, — 1. By burning carbon in air or oxygen : — 

C + O3 = CO, 

Carbonio 
anhydride. 

n5 
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2. By the action of adds upon metallic carbonates : — 
COKo, + SO,Ho3 = CO, -f OH, + SO.Ko,. 

Potaasio Bolphnrio add. Oarbonio Water. Foteaaio 

oarbonAte. anhydride* anlphate. 

COKoHo + NO,Ho = CO, + OH, + NO,Ko. 

HjdriopotMsio Nitano add. Carbonio Water. PotMsic 

oarbooate. anhydride. nitrate. 

OOCao" + 2HC1 = CO, + OH, + OaCl,. 

Caldo Bydroohloric Carbonic Water. Oaldo 

carbonate. add. anhydride. chloride. 

BeacHons. — 1. Carbonic anhydride is decomposed by heated 
potassium : — 

SCO, -h 2K, = 2COKo, + C. 

Carbonic anhydride. Potaeno carbonate. 

2. It acts upon metallic hydrates, forming carbonates : — 
CO, + 2KHo = COKo, + OH,. 

Carbooio mhjdride. Fotiwio hjrdnte. PotMiio outoiate. Water. 

CO. + CaHo, = OOCao" + OH,. 

Carbonic Caldo Caldc Water, 

anhydride. hydrate. carbonate. 

Carbonic acid, COHo,, is not known. 



CARBONIC OXIDE, 
CO. 

Molecular weight =28. Molecular volume [J]. 1 lUre 
weighs 14 crithe. 

Formation, — In the combustion of carbon or carbonaceous 
matter with a limited supply of air. In destructive distilla- 
tion of many organic substances containing oxygen. 

Preparation,— I, Bypassing carbonic anhydride over red-hot 
charcoal : — 

CO, + C = 2C0. 

Carbonic anhydride. Carbonic oxide. 
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2. By passing carbonic anhydride over red-hot iron : — 

4C0, + Pe, =. *^(Pe,)^*0, + 4C0. 

Oubomo anhydride. Triferrio tetroxide. Carbonic oxide. 

3. By heating iron or carbon with a carbonate : — 

COCao" -h C = CaO -h 2C0. 

Oaldo oarbonate. lame, Oarbonio oxide. 

4. By heating oxalic acid with snlphnric acid (by which water 
is removed from the former), and then separating the carbonic 
anhydride by washing with sodic hydrate : — 

Oxalioadd. Water. Carbonic Carbonic 

oxide. anhydride. 

5. By heating formic acid or a formate with sulphuric acid : — 

[lorn = OH. + CO. 

Fonnio add. Water. Carbonic oxide. 

6. By heating potassic ferrocyanide with sulphuric acid : — 
re"C,N.K, + 60H, + 6SO,Ho, =s 6C0 

PotMno ferroGyanide. Water. Sulphuric add. Carbonic oxide. 

+ 2SO,Ko, + SO^Feo" + 3S0,(NH,0),. 

FoCaoio flolphate. Ferrooa lolphate. Ammonic Bolphate 

Beactions. — 1. It bums in air and oxygen, producing car- 
bonic anhydride : — 

CO + O = CO3. 

Carbonic Carbonic 

oxide. anhydride. 

2. Carbonic oxide and chlorine unite under the influence of 
Hght (p. 30), forming carbonic oaydichloride or phosgene gai, 
COCl,. 

The compounds of carbon with chlorine, nitrogen, and hy- 
drogen will be studied in connexion with organic compounds. 
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CHAPTER XII. 

PENTAD ELEMENTS. 

Section I. 

NTTBO&Eir, Azote, N,. 

Atomic weight =14 Mblectdar weight = 28. Molecular volume 
m . 1 litre weighs 14 crithe. Atomicity \ which, by 
the mutual saturation of pairs qf bonds, becomes reduced to 
'" or to' (see p. 20). Evidence ofiUomicity : — 

Nitroufl oxide ON,. 

Ammonia N"'H, 

Ammonic chloride N^H^Ci. 

Occurrence, — In the free state in the atmosphere. In some 
nebulffi ? In combination, in animal and vegetable bodies. 

Preparation. — 1. By burning phosphorus in air, whereby 
the oxygen is removed from the latter. 

2. By passing air over ignited copper, when the oxygen 
unites with the copper. 

3. By heating ammonic nitrite, or a mixture of ammonic 
chloride with potassic or sodic nitrite : — 

N"'0(N^H,0) = N, + 20H,. 

Ammonic nitrite. Water. 

NH.C1 + NONao = NaCl + N, + 20H,. 

Ammonic chloride. Sodio nitrite. Sodic chloride. Water. 

4. By passing chlorine through an excess of solution of 
lunmonia : — 

8NH3 + 3C1, = 6NH,C1 + N,. 

Ammonia^ Ammonio chloride. 



NITRIC ACID. 

oxidjesand oX'Acids of nitbogen. 

Nitrous oxide ON^. ©-©KE) 

{NO (p) ^) 

NO* JL jX. 

fNO 

Nitrous anhydride sO . xf \\ 

iNo 0-eK^ 

NO** 

fNO. A ... 5 

Nitric anhydride <0 . (nMoWnj 

[NO, rif^S 

NitroTwacid NOHo. 0=0-0-0 

Nitric acid NOaHo. (nMoWh 

(o 
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NTTBIC ACID, AquqfbrHs, 
NO3H0. 
JlfolectUar weight =63. Molecular volume n~l * 1 &'^0 
cf nitric acid vapour weight 81*6 crithe. Fuses at *— 60^. 
j&otZ* o/ 84°-5. 

* This compound is anomalous ; for its molecule, deduced from the spe- 
cific gravity, is represented hy NO. The dissociation which in the 

case of I £*q3 is yery imperfect at 0® C, but almost complete at 100° C, 

is probably nearly complete in the case of N^O, at the lowest temperature to 
which this gas has hitherto been exposed. 



62 NIT&IC ACID. 

Fro&ucHon, — 1. By the slow oxidAtion of zdtrogexdzed orga- 
nic matter in tlie presence of powerful bases. 

2. Bj the passage of electric sparks through moist air. 

Manwfactwre, — Bj distilling potassic nitrate (nitre) or sodic 
nitrate (cubic nitre) with concentrated sulphuric add :-^ 

NO,Ko + SO,Ho, = SO3H0K0 + NO,Ho. 

FotMoio Bulphnzlo HydriojpotMoio ITitrioacid. 

nitrate. add. solpnate. 

By employing two molecules of potassic nitrate and one of 
sulphuric acid a saving of sulphuric acid is effected, but a 
higher temperature is required, which destroys some of the 
nitric acid. The reaction takes place in two stages : — 

1. 2NO,Ko + SO^Ho, = SO,HoKo 

Fotaeaio nitrate. Bnlphurio add. Hydzio poCaado ■olphafta. 

+ NCKo + NO.H0: 

Fotaamo nitrate. Ifitrio add. 

2. SO.H0K0 + NO.K0 = SO,Ko, + NO,Ho. 

Hydrio potawio ndphate. Fotaasio nitrate. Potaado mlphate. Nitric add. 

DecamposUums. — 1. The decomposition which the nitric 
acid undergoes by heat is expressed in the following equa- 
tion: — 

4NO,Ho « 20H, + 2'N,*^0, + O,. 

Nitric add. Water. Kitrio peroxide. Oxygen. 

2. By the action of metallic oxides or hydrates, nitric acid 
produces nitrates : — 

OKH + NO,Ho = NO,Ko + OH,. 

Fotaaaic hydrate. Nitric add. Fotaado nitrate. Water. 



rNo, 

Pbo" + OK. 
NO, 

Flumbio oxide. Nitric add. Flombio nitrate. Water. 



PbO + 2NO,Ho 
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KITBIC AmnrDBIDE. 

Frobdble molecuiar weight sl08. FrohiMe molecular volume 
m . J^es at 29^-6. Boils at 46°. 

Preparation, — By passing dry cUorine over argentic ni- 
trate: — 

4NO,Ago + 2C1, = 4AgCl + 2N3O, + O,. 

Aigentio nttntou Axventio Nitrio 

ohforide. •ohTdrid*. 

Beaetion. — Bj the action of water it forms nitric acid : — 



N,0, + OH, = 2NO,Ho. 

Kitrio aohydride. Water. ITitrio acid. 



NITBOVS AKHTDBIDE. 

N3O.. 

Frobable molecular toeight =76. FrohiMe molecular volume 

Preparation. — 1. By heating together nitric acid and starch. 

2. By gently heating nitric acid with arsenious anhydride : — 
Amfi. + 2NO,Ho = A«,0, + N,0, + OH,. 

Aneniona ITitrioaoid. Anenlo Nitrona Water, 

aahjdiida. anhydride. anhydride. 

3. By the action of nitric acid on silver : — 

6NO^o + 2Ag, = 4NO,Ago + N,0, + 30H,. 

Nitrioadd. Argenftio nitrate. ITitroaa anhydride. Water. 



NITBOVS ACID. 

NOHo. 
Molecular weight ^^H. 

Preparation, — ^By mixing liquefied nitrous anhydride with 
a small quantity of water : — 

N,0, + OH, =s 2NOH0. 

ITitrona anhydride. Water. Kitrow aoid. 
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I>ecampo9itionB, — 1. In the presence of much water, nitric acid 
and nitric oxide are formed : — 

6NOH0 = 2NO,Ho + 2'N",0, + 20H.. 

Nitrona Mid. Kitrio Mid. Kitrio oxide. Water. 

2. Nitrous add acts as a reducing agent under some circum- 
stances : — 

2NOH0 + O, = 2NO,Ho; 

Nitroas acid. Nitano aoid. 

and as an oxidizing agent under others : — 

4NOHo = 2'N",0, + 20H, + O,. 

Nikooaaoid. Kitrio ozide. Water. Oxygen. 

8. By the action of metallic oxides or hjdrates, nitrous acid 
forms nitrites : — 

OKH + NOHo « NOKo + OH.. 

PoCaano hTdrate. Kitrona acid. PoCaaaic nitrite. Water. 



NITSOVS OXIDE, Laughing Oas. 
ON,. 

Molecfdar weight = 44. Molecular volume QQ. 1 litre 
weighe 22 crithe. Fuses at — lOl''. Boils at —88^. 

JPreparation, — 1. By the action of dilute nitric acid on zinc : — 
10NO,Ho + Zn. = ON. + 4,\Zno^ +50H,. 

Nitrioadd. Nitrooa oxide. Zindo nitrate. Water. 

2. By heating ammonic nitrate : — 

NO,(N'H,0) = 20H, + ON,. 

Ammonio nitrate. Water. Nitrona oxide. 
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HITBIC OXIDE. 

{gg,op'N"A. 

Molecular weight ==60. Molecular volume anomalous \W 
1 Hire weighs 15 eriths. 

Preparation, — By the action of nitric acid npon mercury or 
copper : — 

Cno^' + 'N",0, + 40H,. 

NO, Nitric oxide. Water. 



3Cu + 8NO,Ho = 8 

Nitrioadd. 



Caprio nitrate. 

Beaetion. — Unites directly with oxygen : — 
2'N",0. + 0, = 2N'"30,: 

If itrie oodde. Nitrous 

anhjdride. 

'W'.O, + 0, - TT'.O.. 

Nifcrio oxide. Niteio peroxide. 



NITBIC PESOXIDK 

Molecular weight =46 to 92. Moleeidar volume m to hH* 
1 litre weighs 28 to 46 eriths. 

Preparation. — 1. By the union of nitric oxide with oxygen 
(see above). 

2. By the action of nitric acid upon tin : — 

Sn, + 20NO;B[o = BnfiJIo,, + 50H, + lOlT^O,. 

Nitrioadd. Hetastannio add. Water. Nitric peroxide. 

Decomposition, — ^By the action of metallic hydrates and 
oxides it produces nitrites and nitrates : — 



N^A + 


20XH 


= 


NO,Ko 


+ 


NOKo 


+ 


OH,. 


Nitric 


PotBMio 




Fotaado 




Potaado 




Water. 


peroxide. 


hydrate. 




nitrate. 




nitrite. 
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ooMPOTTinys contah^inq niteoqen, chlo- 
rine. Aim OXYGEN, 

NITBOIIS 0X7CHL0BIDE, OMoronUroua Oaa. 
NOCL 
Molecular toeight =65*5. Molecular volume 1 1 I . 1 Hire 
weighs 82-75 crithe. BoiU at (f C. 

A mixture of nitric and hydrochloric acids possesses the 
property of dissolving gold, and is therefore called aqua regia ; 
when heated it evolves chlorine and nitrous oxychloride : — 

NO,Ho + 3HC1 « NOCl + 20H, + CI,- 

STitrioMid. Hydroohlorio Nitrooi Water. 

add. oxyohlorida. 



NITBIC DI0X7-TETBACHL0BIDE, ChloronUric Qas. 
'N,»-0,C1,. 

Prepared, together with nitrous oxychloride, by heating a 
mixture of nitric and hydrochloric acids : — 

2NO3H0 + 6HC1 « W%0,C1, + 40H, + CI,. 

Kitrioaoid. H jdrochlorio aoid. Chloronitrio gaa. Water. 



NITBIC DIOXTCHLOBIDE, CJdoropemitric Qae. 
NO3CL 

Preparation, — ^By mixing phosphoric oxytrichloride and 
plumbic nitrate : — 

8^Pbo^ + 2PCI3O « P,0,Pbo", + 6IfO,Cl. 

Plomlno nitrate. Phonhorio Triplombio Nitric 

oxytrichloride. diphoM»»te. dio^yidiloridfr 



AMMONIA. 
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OOMFOUNDS OF mTEOGEN WITH HTDBOQEN. 
AMMONLL 
NH,. 
MbUeulaf' weight s 17. Molecular volume rTl • 1 K^^ weighs 
8-6 erithe, Fueee at —75^ Boils at — 38°-5. 
Oecwrrenee. — ^In the atmosphere in very minute quantities. 
Formation, — ^By the decay of animal and vegetable matters 
containing nitrogen. 

Manufacture, — By the destructive distillation of animal 
matter, ba horn or bones, and of vegetable matter, as coal. 

Freparation. — ^By heating a mixture of Hme and ammonic 
chloride (sal-ammoniac) : — 



ara^ci 


+ 


CaO 


s= 


OaCl, 


+ 2NH, + OH., 


Ammonio 




lime. 




CaIcio 


Ammonia. Water. 


diloride. 








dhloride. 





Beaetians. — 1. Decomposed by chlorine (see p. 60). 
2. Unites directly with acids, forming the ammonium salts in 
which the atomicity of nitrogen is ^ : — 



ir'-H, 


+ Ha = N'H.CL 

Hjdnofalorio Mid. Ammonia ohlorid. *. 


N"'H, 


+ 


iro,Ho 

BitrioMid. 


AmmonlsBitntot. 


2N"'H, 


+ 


SO,Ho, 

SvlphorioMid. 


= SO.(N^H,0),. 


? 






® ® 


©-©-@ 


1 


♦( 


5)""w""®~(i) 


(6h 






(H)^© 
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AKMONITTM. 

This monad radical Has never been obtained in the free state, 
but its compounds are perfectly analogous, in crystalline form 
and otber properties, to those of potassium. These facts 
have induced some chemists to consider the group NH^ as a 
metal, to which thej have given the name ammonium — tai hypo- 
thesis which is considered to receive support from the production 
of an unstable amalgam of this radical. All the compounds of 
mercury with metals are found to possess metallic lustre ; and 
this is also the case with the amalgam of ammonium. It may 
be prepared by two different processes. 

1. If a solution of ammonic chloride be electrolyzed, the 
negative electrode being mercury and the positive a platinum 
plate, the mercury is observed to swell up, owing to the forma- 
tion of a spongy metallic mass. 

2. By preparing an amalgam of potassium or sodium, and 
pouring it into a slightly warmed solution of ammonic chldride, 
the amalgam is found to swell enormously, potassic or sodic 
chloride being simultaneously formed : — 

HgnNam + mNH4Cl « Hgn(N^H,)„, + mNaCL 

Sodie amftlgam. Ammonio chloride. Ammonio amalgam. Sodic ddoride. 

Ammonic amalgam rapidly decomposes into mercury, am- 
monia, and hydrogen, the ammonia and hydrogen being liberated 
in the proportions of 2NHg to H, : — 

2IIgn(N^HJin « 2nHg + 2mNH:s -f mH,. 

Ammonio am ^l g y-?"- Merouy. Awiwi^ma. 

Ammonium plays the part of a compound monad radical, and 
its salts are isomorphous with those of potassium ; they are 
all volatile, unless the acid from which they are derived 
be fixed. 
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COMPOTTNI) OF NITBOOEIT WITH CRLOBUfE. 

NITBOIIS CHLORIDE. 

NCI,? 

Pr^aration, — By the action of chlorine upon amnionic 
chloride : — 

ITH.Cl + 8C1, « WCl, + 4HCL 

Ammimw ehloridew Kitnxu obloride. Hydroolklorie add. 

The foTmula of this compound is not fixed with certainty ; it 
may contain hydrogen, and it is possible that the two compounds 
intermediate between ammonia and nitrous chloride may exist: — 

NH,, NH,C1, NHCl^ NCI,. 



COMPOUND OF inTEOGEJSr WITH lODINU AITD 
STDEOGFN. 

NITBOIIS HTDBODINIODIBE. 
Freparation, — ^By the action of ammonia on iodine a brown 
substance is obtained, which has the composition NHI,. It is 
formed according to the following equation : — 

8NH, + 2I3 « NHI, + 2NHJ. 

Aamunus. Nitrons Ammonio 

hTdrodimodide. iodide. 



CHAPTEE XIII. 



HBXAD BLEMBNTS. 

Sscnoif I. 

SULFHUK, S,. 

Atamie weight «d2. Molecular weight as64. Molecular volume 
m at 1000° C, lut only one-third of thie at its hoiUng- 



70 COMPOUNDS OF SULPHUB. 

paint. 1 Hire of sulphur vapour weighs 82 eriths. Akmi- 
city " ^ and ^. Evidence of atomicity : — 

Hjdrosulphuric acid S"H,. 

Triethylflulphme iodide ff^BtjI. 

Sulphuric dioxydichloride 8^*0,01,. 

Sodic nitroBulpliate S^»0 (NO) JJTao,. 

Occurrence, — Found in the free state in volcanic districtB, 
and widely diffused in combination with metals and oxygen, as 
sulphides and sulphates. 

Mamfaetured from native sulphur, and from 

Iron pyrites PeS"2. 

Copper pyrites (PeOn)S,". 

Character, — Sulphur is capable of existing in several alio- 
tropic forms, of which the following are the most important : — 

Condition. Bp6oillcg«n^. ^^^J^^^ 

a. Octohedral 2*05 Soluble. 

fi. Prismatic 1*98 Transformed into a, 

y. Plastic 1*95 Insoluble. 

i. Powder 1-95 Insoluble. 

When united exclusively with basylous elements or radicals, 
sulphur is almost invariably a dyad ; and it is then the analogue 
of oxygen, as will be seen from the following formula : — 

Oxygen compounds... OK,, OKH, COj,, OOKo,. 
Sulphur compounds... SE,, SKH, CS;', CSKs,. 



COMPOUNDS OF 8ULFRUB WITH BASYLOUS 

OB POSITIVE ELEMEm'S. 

Sulphurettied hydrogen SH,. 

Hydrosulphyl 'S'^H,, or Hs,. 

Carbonic disulphide OS,". 
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SnLFHUBKrrED HTDBOOEK, Sydrondphwrio Aeid, 
8ulphhydric Acid. 

SH.. ©-©-© 
MoUeular weight s:34. Molecula/r volume m » 1 litre weight 
17 crithe. Solid at — 85°'6 C. Liquid under a pressure 
qf 17 atmospheres at 10° C. 

Oeeurrenee. — ^Evolved with other gases from volcanoes and 
fumaroles. Found also in hepatic mineral waters, and frequently 
in waters which contain both organic matters and sulphates. 

Preparation. — 1. By direct union of its elements : — 

H, + S - SH,. 

2. By the action of hydrochloric or dilute sulphuric acid on 
ferrous sulphide : — 

PaS" + 2HC1 « SH, + PeCl,. 

Ferroot Hydroolilone Snlphnntted Ferrou 

sulphide. aoid. hydrogen. chloride. 

PeS" + SO^o, = SH, + SO,Feo". 

Femms Bnlphurio Bnlphnretted Ferroae 

■alphide. Aoid. hydrogen. eolphate. 

3. By the action of hydrochloric acid on antimonious sulphide 
with the aid of a gentle heat : — 

Sb,S," + 6HC1 == 8SH, + 2SbCl,. 

AntimoniooB Hydrochlario Sulphuretted Antimoniooa 

ealphide. add. hydrogen. chloride. 

JSeaetions, — 1. It is immediately decomposed by chlorine, 
thus: — 

SH, + CI, := 2Ha + S. 

2. It is also rapidly decomposed by many metallic compounds 
rich in oxygen, such as ferric oxide : — 

Te;"03 + 8SH, = 2PeS" + S + 80H,. 

Fenioonde. Sulphuretted Ferrous Water. 

hydrogen. sulphide. 

3. The sulphhydrates and sulphides of the metals are produced 
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hj die action of hjdrosulpliuric acid on the hydrates and 



oxides, thus : 



OKH + SH, - SKH + OH,. 

Potaano Solphoratted Potaano Water, 

hydnte. hydrogen. nilpbliydrate. 

BaHo, + 2SH, « BaHs, + 20H,. 

Bariohydnte. Snlphnretted Bario Water, 
hydrogen. aalphhydnte. 

OAg, + SH. = SAg, + OH,. 

Argenfcio Bolphnrettad Araentio Water. 

oxide. hydrogen. ao^ihide. 

CuO + SH, « CuS" + OH,. 

Caprio Bnlphoretted Caprio Water, 

onde. hydrogen. folphide. 



HTDBOSULFHTL, Sydrie Borstslphide. 
'S.-H^orHs.. 

Probable molecular weight »66. Sp. gr. 1-769. 

Preparation. — ^Bj pouring a solution of calcic disulphide 
into hydrochloric acid : — 

'S;Ca" + 2HC1 « 'S;H, + CaCl,. 

Caldo disulphide. Hydrochlorio add. HydroaolphyL Caldc cMoride. 

Charaeter. — ^It is the analogue of hydroxyl in composition 
and functions. 



CABBONIC DISULPHIDE, Bisulphide ofOarhon. 
OS,. 

Molecular toeigU «76. Molecular volume Q]- 1 '»^ of 
carbonic disulphide vapour weighs BScritht. SpecyU gracitjf 
1-26. BoiUat4&''. 
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I^reparation. — 1. By passing sulpbur over strongly ignited 
charcoal : — 

+ 8.=:? OS'V 

Oarbooio 
discUphide. 

2. By heating together charcoal and iron- or copper-py- 
rites: — 



2PeS", - CS", + 2PeS". 

InmpTritea. Carbonio Ferroaa 

Ferric diralphide. diflolphide. sulphide. 



Deeompositions, — 1. Heated potassium bums in the vapour 
of carbonic disulphide, with formation of potassic sulphide and 
Gberation of carbon : — 

CS", + 2K, « 2SK, + C. 

CbriMmie diaolphide. Fotaario sulphide. 

2. When broaght into contact with a solution of an alkaline 
hydrate, carbonic disulphide is decomposed, a carbonate and a 
sulpho-carbonate being formed : — 

60KH + 3CS", « 2CS"Kb, + COKo, -|- 80H,. 

Potesflie Osibonio Fotessio FotMsie Water, 

hydnte. disolirfude. so^l^io-oarboiiate. oarixnuite. 

8. In contact with solutions of alkaline sulphides, carbonic 
disulphide also forms alkaline sulpho-carbonates : — 

SK, + CS", = CS"Ks,. 

PotMsie sulphide. Csrbonie disalphid«. Potaasio solpho-earboiuite. 



SULFE&^ABBOIIIC ACD). 
OS"Hb^ 
Preparation. — 'Bj the action of hydrochloric acid on ammonic 
Bolpho-carbonate : — 

CW"(NH,8), + 2HC1 = OS"H8, + 2NH,C1. 

Amxnonio HTdrochlorto Salpho-earbonio Ammonio 

«ii]pho-«art}onate. aoid. aoid. chloride. 
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COMPOUNDS OF 8ULFHUE WITH OJOTQEN Aim 
HTDEOXTL. 

In these compounds the sulphur is either a dyad, a tetrad, or 
a hexad. 

Sulphurous anhydride SO,. ®=®=® 

Sulphurous add SOHo, ^^^_^^^^;^_^^ 

Sulphuric anhydride SO,. 

Sulphuric acid. {Hydrio 1 gQjHo fnWSVc • W oW h^ 
mdpKate.) J "* 

Nordhausen sulphuric r SO^Ho 
acid. {JDihydnodi-lo . fHMoW«WoM« Wo>-Ch^ 
Bulfhae.) [SO,Ho 

Hyposulphurous acid. jgs-oHo,. chwowsMoWhI 

ro) (oj 

Trithionicadd. (^^IJP'^'IfHVfoM.M.M.MoWHi 
phodUhianieacid.).., [ 80^0 

[0) (ol 
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Tetarathionic 
add. (Di- 
Mulfhodithi- 
omeacid.)... 

Fentathionic 
acid. (IW- 
gulphodi- 
thionic 



acid.) L*^^" 




STTLFHUBOITS ABHYDSIDE. 

SO.. 

Molecttlar weight =t64. Molecular volume m » 1 litre weighs 
82 erithi. Solid at — 7^, Liquid under the pressure of two 
atmospheres at 7° C. 

Occurrence. — 1. As a volcanic product. 

2. In the air of towns. 

3. Evolved in the roasting of copper pyrites and other snl- 
phureous ores. 

I^ri^aration. — 1. By the combustion of sulphur in air or in 

oiygeh : — 

S + O, = SO,. 

2. By heating sulphuric add with copper or mercury : — 

2SO.HO, + Cu « SO, + SO,Cuo" + 20H,. 

Salphurio add. Balphnrooa Onprio ralphAte. Water, 

anhydride. 

2S0.H0, + Hg = SO, + 80,Hgo" + 20H,. 

Sulpliiuie add. SnlphiiroNU Keroorio mlpbate. Water, 

anfiydrida. 

I 

8. By heating charcoal with sulphuric acid : — 

2SO^o, + C = 2S0, -f CO, + 20H,. 

Solphnrioacid. Bnlphoroaa Oarbonio Water, 

anhjdride. anhydride. 

s2 
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4. B7 heating a mixture of about three parts by weight of 
sulphur (two atoms) with four of manganic oxide (one atom) : — 

S, + MnO, « SO, + MnS". 

MangAiiio ooddA. SnlpliiinNM anliTdride. Mangawnw wiliihiAft 

Beaetiani. — 1. Dissolved by water, producing an acid liquid 
which, when cooled to 0^, deposits white cubical crystals of 
sulphurous acid : — 

SO, + OH, = SOHo,. 

Snlphnrom inhTdride. Water. Sulphinoiu add. 

2. Sulphurous anhydride, when passed into solutions of the 
metallic hydrates, produces sulphites. If the sulphurous anhy- 
dride be in exoess, an acid sulphite is obtained : — 

OKH + SO, - SOHoKo. 

Poteaiie hydnte. Snlpharaiu anhjdzide. Hydrio poUanc mlpfaite. 

3. Kthe metallic hydrate be in excess, the normal sulphite is 
formed, thus : — 

20KH + SO, « SOKo, + OH,. 

n&al 
■nip! 



PotMBO hydzmle. Sviphnroai anhydride. Narmal potaaaio Water. 



4. Sulphurous acid, when acted upon by metallic hydrates, 
pi educes the same salts : — 

OKH + SOHo, = SOHoKo + OH,: 
20KH + SOHo, « SOKo, + 20H,. 

5. Sulphurousanhydride,when passed over metallic peroxides, 
produces sulphates: — 

FbO, + SO, = SO,Pbo". 

Perpivmbio oxide. Snlphiiroiu anhydride. PlnmUe aal^iate. 

Detection, — Sulphites are recognized by the pungent odour 
of sulphurous anhydride which they eyolye on the addition of 
a strong acid, such as sulphuric acid : — 

SOKo, + SO,Ho, = SO,Ko, + SO, + OH,. 

Poteeeio Sulphnrio FoCaaaio SalphnroiiB Water, 

sulphite. Mid. ralphate. anhydride. 



SULPHURIC ANHYDRIDE. 11 

"When solutions of sulphites are mized with solutions of 
argentic nitrate, a white precipitate of argentic sulphite is 
formed : — 

SOKo, + 2N03Ago = SOAgo, + 2NO,Ko. 

PpteMio Anentao Anentio PoteMio 

nlphite. m&Oa. fo^te. nitnte. 

When this argentic sulphite is boiled with water, it becomes 
black, owing to the separation of metallic silver : — 

SOAgo, + OH. = SO,Ho, + Ag,. 

Argentie nilphite. Water. Snlphnrio ifoid. 



SULFHTJBIC ANHTDBIDE. 
SO,. 
Jdblecular ixfeight ss 80. Molecular volume I I I . 1 lUre of 
sulphuric anhydride vapour weighs 40 eriths. Fusee at 
24^-6. Boils at 62°-6. 
Preparation. — 1. By passing a mixture of sulphurous anhy- 
dride and oxygen over ignited spongy platinum : — 

SO. + O s;:: SO,. 

Bolpbiiroiia uthTdrUls. Bnlphoiio ..bTdridc. 

2. By heating Nordhaiueii sulphuric acid :— 



fSO,Ho 

^0 - SO^o, + SO,. 

lsO,Ho 

Nordlukiuen Snlphwio add. Bolphnrio 

-* ^^mc•oicL anhydride. 



3. By heating the so-called anhydrous sodic bisulphate 
(disodic disulphate) : — 

fSO^STao 

^O - SO,Nao. + SO,. 

(SO^Nao 

Anlnndroiia lo^c bisulphate Sodio ■ulphate. Solphimo 

(Diaodio diaolphate). anhydride. 
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4. By heating sulphuric acid with phosphoric anhydride : 
SO,Ho, + PA = SO, + 2PO,Ho. 

Sulphnrio Phoephorio Bulphurio MetarphOTphorio 

acid. uihjdride. anhydride. M»d. 



STTLFEUBIC ACID. 

SO,Ho,. 
Molecular weight = 98. Molecular volume ^J. Diuoeiatwn. 
1 litre of sulphuric acid vapour wtigha 245 eriths. ^. 
yr. 1-85. Boils at 825^ 

Preparation. — 1. By the action of hydroxyl upon sulphurouB 
anhydride : — 

SO, + Ho, = SO,Ho,. 

Bulpharom uihydride. Hydroxyl. Bnlpharic add. 

2. By the exposure of sulphurous acid or metallic sulphites to 
air or oxygen : — 

SOHo, + O « SO,Ho,. 

Bnlphaioiu add. Sulphnrio aoid. 

SONao, + O = SO^ao,. 

Bodio anlphite. Sodio inlphate. 

3. By the addition of water to sulphuric anhydride : — 

SO, + OH, = SO,Ho,. 

Snlphnrio Water. Bnlphorio add. 

anhydride. 

4. By the action of nitric peroxide and oxygen on snlphurouB 
anhydride and subsequent decomposition by water of the white 
crystalline compound thus produced (Briining and De la 
Provostaye) : — 

rso,(iro,) 

2S0, + 'W,0, + 0=^0 . 

lS0,(N'0J 

Sulphnrona Nitrip white oyvtallnie 

anhydnde peroxide. compoimd. 
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(SO.(N>0,) 

rnite OTTitalliiie 
oompoand' 



White c 



20H. - 2SO,Ho, + N,0,. 

Water. Bnlphinio Nitrons 

acid. ftnhjdride. 



In the manufibctore of sulphuric acid on the large scale, the 
nitrous anhydride is again acted on by water and transformed 
into nitric acid and nitric Qxide : — 



8N.0, + 

Nitrooff 
anhydride. 



OH, « 21fO,Ho + 2'N",0,. 

Water. Nitric add. Nitric oxide. 



The nitric oxide by the action of oxygen reproduces nitric 
peroxide, which is then ready to undergo the same processes a 
second time. The nitric acid is at the same time reduced to 
nitric peroxide by the action of sulphurous anhydride : — 



SO, 



hjdride. 



+ ZNO,Ho 

Nitric aoid. 



80,Ho, + 'W%0,. 

Snlphorio Nitric 

peroxide. 



add. 



The crude sulphuric acid may be freed from traces of nitrous 
anhydride (which it always contains) by the addition of some 
ammonic sulphate : — 



SO,(NH.O), 

AauBumio ■tdphate. 



+ N,0. 

Nitrous 
anhydride. 



80,Ho, 

Snlphnric 
add. 



+ 30H, + 

Water. 



N.. 



Charaeter. — Sulphuric acid fomw seTeral daBsea of aalts : — 



Hydric potasaic aul- 1 qq j-^^o. 
phate J * 
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PotasBic sulphate . . . SO,Koj. ®-^)-^ « W o >-{ k) 

roj 

[o) fo) 

Anhydrous sodic bi- CSO Nao 

sulphate. (Disodie ^ ' . Tn.WoWs Wow* Woi 
duu^hate,) [SO^Nao ^^^ 

(01 

Zindc sulphate SO,Zno". ©. ^^ / 

TetrabasiczincicBul-l (") ^ C°) 

phate. {Dmneie\W)2iao'\. ^^ "^A^ ^^ 
tr^hate.) J X"/ ^0^ 

Hexabasic zincic sul- ^ v-y's^ /Ly 

phate. (Trizineie I SZno'V ^-(a/^VY^ 

fi^Aa^.) J \^y\ ^1 

CrystaUized gyp- A XsXX/^ 

sum. {Tetrahydric \ SHo^Cao"- ®w-n/0\ 

ealcie sulphate.)...) ^/X. ®\_ 

^ W 
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Gypsum dried at '\ 

100°. {Bihydrie I SOHo.Cao". 
ealcic ndphate,) ... J 



Oypsum dried at 
260°. {Calcic 9ul' 
phate.) 



SO,Cao". 







HTFOSULPHUBOVS ACID, SulphosuJphuric Acid, 
SS"OHo, (hypothetical). 

I^eparatum of Hyposulphites (SulphosulphaUs), — 1. By boil- 
ing a Bolution of aodic sulphite with sulphur: — 

SONao, + S - SS'ONao,. 

Bodie tnlphite. Bodio hTpoMlphifte 

(Sodk folphonilpluito). 

2. By exposure of an allcaline persulphide to the air : — 



'S'.Ca" + 


0. 


a 


SS"OCao". 


Cftlde 
pennlphide. 






Odde 



Beaetian, — The hyposulphites, when acted upon by acidn, 
BTolve sulphurous anhydride, whilst sulphur is precipitated : — 



SS"ONao, + 2HC1 « 2NaCl + OH, + S + SO,. 

Water. Bnlphurotu 

annydrid*. 



Bodio hypoaolphite Hydiroehlorio Sodio 

(Sodic nalpho- add. chloride. 



e5 
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DITHIOinEC ACID, Rypomslphuric Acid. 

Preparation, — Powdered manganic oxide is suspended in 
water and a current of sulphurous anhydride passed through 
the liquid, when the manganic oxide gradually dissolves. The 
solution contains manganous dithionate or hyposulphate : — 

MnO, + 2S0, = 'S%0,Mno". 

Manganic Solphuroua Man^fanonA 

ozide. anhjdride. dithionate. 

This solution is next treated with haric sulphide, which pre- 
cipitates manganous sulphide, haric dithionate existing in the 
solution : — 

'S%0,Mno" + BaS" = MnS" + 'S%O^Bao". 

Manganooa dithionate. Bario snlphide. If angaaons sulphide. Baric dithionate. 

By adding sulphuric acid to a solution of the haric dithio- 
nate, haric sulphate is precipitated and dithionic acid remains 
in solution : — 
S^O.Bao" -h SO.H0, = SO,Bao" + 'S%0,Ho,. 

Baric Snlphnrio Baric wUphate. Dithionio add. 

dithionate. acid. 



TBTTHIOinC ACID, SulphodiMonic Acid, 
SuJphwetted Hypo9ulphurie Acid. 

rSOjHo 
[SO,Ho 

JPreparation, — ^By digesting hydric potassic sulphite with 
sulphur, potassic trithionate and potassic hyposulphite (n#Z- 
photulphate) are formed : — 

rso.Ko 

6SOK0H0 + 2S = 2 ^ S" -h SS"OKo, + 30H,. 

iS0,K0 

HjdricpotaMio Potassic Potassic Water. 

sulphite. trithionate. Hyposulphite. 
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The two Baits so produced, when decomposed hj hjdrofluo- 
silicic acid,7ield trithionic acid, Rulphuroas acid, and sulphur: — 

fSO,Ko 

■ 8" + 8H,Si*'F, = SK-Si'^F. 

,SO,Ko 

Hydroflnonlido 



SS"OKo, + 2 

Fotuno 
hypoMilphite. 



Votaino 
trlfchionftCe. 



•dd. 



PotMric 
■iliooflnoride. 



fSO.Ho 
+ 2 i S" + SOHo, + S. 

ISO,Ho 

Trithi(mic«>id. *»'P^^ 



TETBATHIOinC ACID, Ditulphodithionie Acid, 
Bituilphuntted Hifpo$ulpktmo Acid. 

SO,Ho 
8" 
S" 
,SO,Ho 

Preparation. — ^When iodine is added to baric hyposulphite 
{9ulphotulphate), baric iodide and baric tetrathionate are pro- 
duced: — 

80,- 

2SS"OBao" + I, = Bal, + 



Buio hjpotolphite. 



o/' 'JtSao . 
I SO J 

Baric iodid«. Bwic tetr»thioiirte. 



This salt, when decomposed by Bulpharic aoid, yields tetra- 
thionic acid. 

PENTATHIONIC ACID, THsu^hodithiome Aeid, 
TritulphureUed Hypo9ulphurie Acid, 

^SO,Ho 



(^SOjHo 
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FreparaUon. — ^This add is obtained hj the action of hydio- 
sulpliuric acid on sulphurous anhydride: — 

^SOoHo 
S" 
6SH, + 6S0, « ^ S" + 40H, + S,. 



Sulphuretted Snlphoroas 
hjdrofsen. aahjrdride. 




Water. 



SELEKIUM, Se,. 

Atomic weight =79. Molecular weight =158. Molecular vo- 
lume rn . 1 litre of selenium vapour weighs 79 eriihs, 
8p.gr. 4i:S. JFuses a Utile above KXf. Boils at about 70(f. 
Atomicity ", ^, and ^. Evidence of atomicity : — 

Hydroselenic add Se"H,. 

Selenious chloride Se^^Cl^. 

Selenicacid S«^0,Ho,. 

Occurrence. — In small quantities in some mineral sulphides. 



COMPOUNDS OF SELENIUM WITS HTDBOGEN. 
SELEKIUBirrrED HYDROGEN, Hydroselenic Acid. 

Molecular weight =:81. Molecular volume m . 1 litre weighs 
40*5 criths. 

Preparation. — By the action of hydrochloric acid upon fer- 
rous selenide : — 

PeSe" + 2HC1 « SeH, + PeCl,. 

FeRona Mlenide. Hydrooi&lorio Hydzoeeleiiio Ferrous diloride. 
Mid. add. 

Character. — Like hydrosulphuric acid, it produces precipi- 
tates in solutions of most of the heavy metals. 
There are two chlorides of selenium : 'Se'^Cl, and SeCl^. 
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COMPOUNDS OF SELENIUM WITH OZTQEN 
AND RTDBOXYL. 

Selenious anhydride SeO,. 

Selenious acid SeOHo,. 

Selenicacid SeOaHo,. 



These bodies doselj resemble the correspondiiig sulphur 
compounds. 

Selenious anhydride is fonned by burning selenium in oxy- 
gen: — 

Se, + 2O3 - 2SeOa. 

Selenioai 
anhydride. 

Selenious acid is formed by dissolving the anhydride in boil- 
ing water and crystallizing. 

Potassic seleniate is prepared by fusing selenium or metallic 
selenides with nitre. The acid is obtained by transforming the 
potassic salt into a plumbic salt, and subsequently decompo- 
sing the latter with hydrosulphuric acid. 



TELLUSIinC, Te,. 

AJUmio vmgM ■^128. Frchahle molecular weight ■■256. Sp. 
^.6-2. jPWe» fl« 490°-600®. Atomicity '\^, and "^^ Evi- 



Hydrotelluric add Te"H,. 

Tellurous chloride Te^^Cl^. 

Telluric acid Te^O,Ho,. 

This element is of even less importance than selenium, which 
it closely resembles^ 



86 BROMINE. 

The foUowing compounds are known : — 

Hydrotelluric acid (teUuretted hydrogen) TeH^. 

Hypotellurous chloride TeCl,. 

TellurouB chloride TeCl^. 

TellurouB anhydride TeO,. 

Telluric anhydride TeO,. 

Tellurous acid TeOHo,? 

Telluric acid TeOj^Ho,. 



CHAPTER XIV. 



MONAD ELEMBNTS. 

Section II. {continued from Chap. VIII.). 

BBOIONE, Br^. 

Atomic weight s80. Molecv^ weight b160. Molecular vo- 
lume m . 1 litre of bromine w^our weighs 80 critht. 
8p.gr, SIS. Fuses at— 2QP. Boils at ^. Atomicity'. 
Evidence of atomicity : — 

Hydrobromic acid HBp. 

Fotassic bromide KBr. 

Argentic bromide AgBr« 

Occurrence. — In small quantities in some saline mineral 
waters. In sesrwater, and the waters of the Dead Sea. 

Freparation.'^h By the treatment, with chlorine, of the 
mother-liquors of saline waters containing bromides, and ex- 
tracting the liberated bromine by ether : — 

2KBr + CI, = 2KC1 + Br,. 

Potaaeio bromide. FotMsic ehlorid«. 



HTDBOBBOMIC ACID. 87 

2. By heating together sulphuric acid, Bodic bromide, and 
manganic oxide : — 

2NaBr + MnO^ + 2SO,Ho, « Br, 

Sodic bromide. Hffungiwifi oodde. Bolphnrio add. 

+ SO,Nao, + SO,Mno" + 20H,. 

Sodio Bolplmto. Hangaiuras snlpbAte. Water. 

Charaeier. — Bromine unites with seyeral metals directly, and 
with great energy. Antimony and arsenic bum in it with bril 
liancy. 

At (f bromine combines with water, forming a crystalline 
compound, Br^ lOOK,. 

HTDBOBBOMIC ACID. 
HBr. 
Mohevlar weigM s81. Molecular volume m » 1 litre of 
hy&rohromic acid weighs 40*5 eriths. Fuses at —73^. Boils 

Preparation, — 1. By passing a mixture of hydrogen and 
bromine yapour through a red-hot tube, or by burning hydro- 
gen in a mixture of bromine yapour and air : — 
H, + Br, = 2HBr. 

Hydrobramio 
aoid. 

2. By heating potassic bromide with phosphoric acid : — 

8KBr + POHo, = POKo, -I- 8HBr. 

PotaMio Fhoflphorio FotMBo Hydrobromio 

Inrooude. aoid. phoapluite. add. 

Sulphuric acid cannot be employed for this operation, as a 
portion of the hydrobromic acid is then decomposed, bromine 
being liberated : — 

SO,Ho, + 2HBr = Br, -I- 20H, + SO,. 

Sidphnrio add. Hydrobromio Water. Snlpharoos 

add. anfiydride. 

3. By the action of water upon phosphorous tribromide : — 

F"Br, -I- 80H, = P^OHHo, -|- 3HBr. 

Phoepharona Water. Fhoephoroiu Hjdrobromio 

tribromide. add. add. 
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1. By graduallj dropping bromine into water containing 
amorphous phosphorus : — 

P, -fc 8Br, + 60H, » 2P^OHHo, + 6HBr. 

Water. Phosphcfrou HydrobronM 

aoid. add. 

6. By passing sulphuretted hydrogen through water con- 
taining bromine : — 

2SH, + 2Br, « 4HBr + S,. 

Solphnrettad Hydrobromio 

hydrogen. add. 

Beaetions. — 1. Decomposed by chlorine with liberation of 
bromine : — 

2HBr + CI, = 2HC1 + Br,. 

Hydrobromio Hydroolil<nio 

add. add. 

2. By the action of atmospheric oxygen a small quantity of 
bromine is liberated, but the decomposition is soon arrested : — 

4HBr + O, « 20H, + 2Br,. 

Hydrobromio Water. Bromine. 

add. 

3. In contact with metallic oxides, hydrates, and salts, bro- 
mides are formed. 



COMFOUNDS OF BBOMINF WITH OJCFGEN 
A2n) HTDEOXTL, 

Hypobromous anhydride OBr,. 
Hypobromous acid OBrH. 

[OBr 
Bromic acid -< . 

[OH 

He graphic formukd of these compounds are analogous to 
those of the corresponding chlorine compounds, given at page 45. 
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HTPOBBOXOUS AHHTDBIDE. 

OBr,. 

Freparatum. — ^Bj paasing bromine vapour over dry mercoiic 
oxide: — 

HgO + 2Br, = HgBr, + OBr,. 

jftcvoono liorcnno HypobranKNH 

oxide. bromide. aohydride. 



HTTOBBOXOUS ACH). 

OBrH. 

Prqparation. — 1. Bj pasging hypobromoiu anhydride into 
water: — 





OBr. + 


OH. - 


20BrH. 






u^rdrid. 


Water. 


TSi^ 




2. By agitftting mercuric oxide with bromine- water : — 


2HgO 

Meronrio 


+ OH. + 

Water. 


2Br, - 


20BrH + 

and. 


fHsBr 
■ 
HgBr 

Movorie 




BBOKIC ACH). 








fOBr 
tOHo- 







Preparation. — By acting upon a solution of baric l>romate 
witli sulphuric add : — 

'OBr 

Bao" + SO^o. - 2{g|; + SO.Bao". 
loBr 

Bins branaie. Snlplnirio Bromio Baric 

Acid. add. nUphate. 



Ji 
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BeaeHon. — Bj boiling, bromic acid decomposes into water, 
bromine, and oxygen : — 

*(oHo - 2Br. + 20H. + 60, 

Bramio add. Water. 

Frq>ara^ion ofhromaUi. — 1. Bj adding bromine to a solu- 
tion of a metallic hydrate, and separating the bromate by crys- 
tallization: — 

6KH0 + 3Br, = SKBr + |g|^ + 30H.. 

Fotastto Potanio Totaono Water. 

hydnte. broaiide. bromate. 

2. By the action of potassic hydrate on bromine pentacUo- 
ride: — 

6KH0 + BrCl, = 6KC1 +{oKo + ^^^ 

Fotaaaio Bromine Fotaaiio Fotaaiio Water. 

hydrate. pentaohloride. chloride, hnnnate. 

Character qfbromates. — Some of the bromates when heated 
lose oxygen, being transformed into bromides : — 

^(oKo - 2KBr + 30, 

Fotaario Fotaario 

bromate. bromide. 

Others evolve bromine and a portion of their oxygen, leaving 
metallic oxides : — 
"OBr 

Mgo" = 2MgO + 2Br, + 60,. 

^OBr 

liagneaio Ifa^eaio 

brcmiate. <nide. 



IODINE, I,. 

Atomic weight 3=127. Molecular weight b254. Molecuktr 
volume I 1 I . 1 litre of iodine vapour weighs 127 eritke. 
Sp. gr, 4-96. Fuses at 107°. Boils at 180°. Aiomieitg '. 
Ihidenee qfatomicitg : — 
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Hydriodic acid HI. 

Fotassic iodide KI. 

Argentic iodide Agl. 

Oecurrenee. — ^In mineral springs, in sea-water, and in con- 
siderable quantities in sea-plants. 

MoMtfaeture, — Sea-weeds are burnt and the ash is ex- 
tracted with water. The liquid is evaporated, and, after a con- 
siderable quantity of sodic carbonate and chloride has crys- 
tallized out, the mother-liquor, which contains potassic iodide, 
is distilled with sulphuric acid and manganic oxide :— - 

2KI+llinO,+2SO,Ho,=S03Ko,+SO,Mno"-H3+20H,. 

Foteario ManpiTiio Snlphnrio Potamo Maneanoiu Water, 

iodide. osMle. acid. •olphate. miliMiato. 

Beaetions. — ^1. Iodine is precipitated from its solutions by 
chlorine and bromine : — 

2X1 + CI, = 2KC1 + I,. 

Fotune Poteirio 

iodide. chloride. 

2KI -I- Br, .- 2KBr + I,. 

PotMsio FotMdo 

iodide. bromide. 

2. Iodine unites directly with many metals. 

HTDBIODIC ACID. 

HI. 

Moileeular weight Kal2d. Molecular volume m . 1 litre of 
hydriodic acid weighs 64 crithe. Fusee at —55° 

Freparaiion, — 1. By passing iodine vapour and hydrogen 
througha red-hot tube or over spongy platinum gently heated: — 

H. -h I3 = 2HI. 
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2. By the action of dilute sulphuric acid on baric iodide, or 
of phosphoric acid on any iodide : — 

BaT, + SO,Ho, = 2HI + SO,Bao". 

Bario Svlphnrio Hjdriodio Barie 

iodide. sod. acid. ■nJphrtff, 

8. By decomposing phosphorous triiodide by water :— 
PI, + 3OH3 « POHHO3 + SHI. 

Fhoaphorou Water. Phoaphoroua Hydriodie 

teiiodide. acdd. add. 

4. By heating together water, potassic iodide, iodine, and 
phosphorus : — 

4KI + P. + 51, + 80H, - 14HI + 2POHoKo, 

Potanio Water. Hjdriodio Hydrio dmotaaac 

iodide. add. plioipfiate. 

5. A solution of hydriodic acid is obtained by passing sulphu- 
retted hydrogen through water in which iodine is suspended: — 

2SB; + 2I3 = 4HI + S,. 

Sulphuretted Hydriodio 

hydrogen. add. 

Beaetions. — 1. Decomposed by chlorine and bromine, with 
liberation of iodine : — 

2HI + 01^=:. 2RC1 + I,. 

Hydriodio Hydroohlorio 

add. acid. 

2HI + Br, - 2HBr + I,. 

Hydriodio Hydrobromio 

add. add. 

2. It is gradually but completely decomposed by atmospheric 
oxygen; the iodine, which at first remains dissolved in the 
hydriodic acid, is after a time deposited in crystals : — 
4HI + O, = 2OH3 + 21,. 

Hydriodio Water, 

add. 

8. With metallic oxides, hydrates, and some salts it forms 
iodides. Even argentic chloride is transformed by hydriodic 
acid into argentic iodide : — 

AgCl + HI « Agl + HCl. 

Areentic Hydriodio Arsentio Hydroohlorio 

ehkxride. add. i<NUde. add. 
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4« Hjdriodic acid is rapidly decompoBed bj mercuiy, with 
liberation of hydrogen : — 

2HI + 2Hg = 'Hg'A + H,. 

Hjdriodio 



'Hg'J. 

Keronrous 



COMPOUNDS OF lODINJE WITH OZTGEN AND 
HTDBOXTL. 




Periodic anhydride 



Periodic acid 



The graphic formuls of these compounds are analogous to 
those of the corresponding chlorine compounds given at p. 45. 



IODIC AHHTDBIDK 



lA, or 



18- 

Loi 
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Prepitraiian. — By heating iodic acid to 170®, when it sepa- 
rates into iodic anhydride and water : — 

roi 

2{oHo - OH. + Jo. 

loi 

Iodic mUL Iodic anhydride. 

Beaciian. — ^When strongly heated, it decomposes into iodine 
and oxygen. 





IODIC ACID. 








fOI 
OHo' 






Prtfparation.— 
iodate : — 


■1. By the action of tulpliuric 


add upon baric 


roi 



-<Bao" + 



SO.HO. - 2{g^^ 


+ 


SO,Bao". 


loi 








Bwiaiodnta. 


Sulphnrio Iodic Mid. 
^d. 




Bwionilphale. 



2. By oxidizing iodine with strong boiling nitric acid : — 
6N0.H0 + I, - 2(§^^ + 20H. + 2N.0. + W^O,. 

ITitrioMid. Iodic Mid. Water. Nitroua Kitric 

anhydride. peroxide. 

8. By acting upon iodine and water with chlorine . — 
I, + 60H, + 5C1, « ^{oiLo + ^^^^^- 

Water. Iodic add. HydNchlaric 

add. 

BeactianB. — 1. In contact with hydriodic acid it forms water 
and iodine : — 

{oHo + «HI - 80H, + 81,. 

Iodic add. Hydriodic Water, 

add. 



PERIODIC ANHYDRIDE. \fO 

2. It is reduced bj many other deoxidizing agents. 

^reporaHon oflodates. — ^1. Bj treating Bolutions of metallic 
hydrates with iodine, and separating the iodate by crystalliza- 
tion : — 

6KH0 + 81, = 6KI + |2g^^ + 80H,. 

PotMUo PotMrio PotMoo Wftter. 

hjdnte. iodide. iodate. 

2. By dissolying iodine in potassic hydrate and treating the 
mixture with chlorine : — 

I2KH0 4. I, 4. 6C1, = lOKCl + 2{q]^^ + 60H,. 

PotMUo PotMuo PotMrio Water, 

hjdi^ ohloride. 



8. By heating together potassic chlorate and iodine : — 



rotaMJo Iodine Potuiio 

chjonte. monoehlorid*. 



Character cfiodatei. — Some of the iod&tes when heated split 
into iodides and oxygen, others into metallic oxides, iodine, and 
o^gen. 

Iodic add gives sereial well-defined anhydro-salts. 



PERIODIC AHETDSIDS. 

^01 



I,0„ or ■{ 



O 
O 
O . 

o 

o 

Loi 



Freparatian, — ^By heating periodic add to 160° : — 
fOI 



Periodio Periodio Water. 

anhydrida. 
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Beaelum. — When bested it is decomposed into oxygen and 
iodic anhjdrido, and ultimately into iodine and oxygen. 



PEBIODIC ACED. 

OI 
O . 
OHo 

Preparatitm. — ^Bj decomposing plumbic periodate with sul- 
phuric acid : — 

OI 

o 

O fOI 

Pbo" + SO,Ho. =.2-^0 + SO,Pbo". 



fOl 

[Ol 



O I OHo 

O 

OI 

PltunUo Bnlphnrio Periodic Plmnbie 

periodafee. aoid. add. sulphate. 

Freparation ofFeriodaUg, — Sodic periodate may be prepared 
by passing chlorine through mixed solutions of sodie hydrate 
and sodic iodate : — 

{oNao + 2^*^^ + CI. - jo + OH, + 2NaCL 

Bodio Bodio Sodio Water. Sodie 

iodate. bydnte. periodate. clilorid& 



FLXJOBINE, F,. 
Atomic weight »19. Molecular weight ^^ (P). MolecuIiKr 
volume [2n* 1 ^*^^^ weighe 19 criihe (P). Atomicity '. 
Evidence of atomicity i — 

Hydrofluoric acid HP. 

Ocewrrence* — In combination with metals in fluorspar^ cryo- 
lite, apatite, and other minerals. 

Little is known of fluorine in the uncombined condition. 
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OOMPOUm) OF FLUOBINE WITH SYDBOGEN. 

ETDROFLXJOBIC ACID. 
HP. 
Molecular weight sa20. Molecular volume m * 1 H^^ weighs 
10 criths. 
Preparation, — ^By beating calcic fluoride with sulphuric acid 
in a leaden op platinum vessel : — 

CaP, + SO^o, = 2HP = SO.Cao''. 

Cakoo Solphnrio Hydrofluoric Caldo 

flaoride. add. acid. lulphate. 



CHAPTER XV. 

TETRAD ELEMBNTS. 

Sbction I. {Continued from Chapter XI.) 
SniCOir, Silicium, Si. 
Atomic weight =2S'5, 8p.gr, (graphitoidal) s=2*49. Atomicity^''. 
Evidence of atomicity : — 

Silicic chloride SiCl^. 

Silicic fluoride SiP^. 

Occurrence, — Silicon is one of the most widely diflFused ele- 
ments. It is found, in combination with oxygen and metals, in 
a very large number of minerals. 

a. Amorphous Silicon, 

JPreparation. — 1. By heating potassic silicofiuoride with 
potassium : — 

SiK^P, -H 2K3 = Si + 6KP. 

Potassio Potasaie 

■ilioofliumde fluoride. 



98 SILICON. 

2. By heating Bodium in a current of the vapour of silicic 
chloride : — 

SiCl, + 2^8, = Si + 4NaCL 

Silicic Sodi C 

chloride. chloride. 

Reactions. — 1. Silicon is dissolved by aqueous hydrofluoric 
acid, and converted into hydrofluosilicic acid : — 

Si + 6HF = SiH^P. + 2H,. 

Hjdroflaoric Hydroflnoalioto 
add. tkoid. 

2. When fused with potassic hydrate, or boiled in its solu- 
tion, it yields potassic silicate : — 

Si + 4KHo = SiKo, + 2H,. 

Fotaaaio Potuno 

hydnte. nlioate. 

3. Heated in the air, it bums, producing silicic anhydride. 
/3. GraphUoidal Silicon. 

JPreparation. — By fusing amorphous silicon with alumi- 
nium, and boiling the compound in hydrochloric or hydrofluoric 
acid, which dissolves the aluminium, leaving the silicon in the 
form of hexagonal plates with a metallic lustre. 

Character. — May be heated to whiteness in oxygen without 
burning. 

Is gradually oxidized by a mixture of nitric and hydro- 
fluoric acids. 

Is slowly attacked by fiised potassic hydrate. 

y. Adamantine Silicon. 

Preparation. — By heating aluminium very strongly in a 
current of the vapour of silicic chloride. The aluminic chloride 
which is formed volatilizes, leaving the adamantine silicon be- 
hind: — 

SSiCl, + 2A1, = 2'A1'",C1. + Si,. 

Silioio Alaminic 

chloride. chloride. 
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SILICIC HTDBIDE. 
SiH,. 
Molecular weight =82*5. 

Has not been obtained free from bjdrogen. 

JPrqufraiian. — 1. Bj decomposing dilute sulphuric acid hj 
a feeble electric current passing from electrodes of aluminium 
containing silicon, when the silicic hydride is evolved at the 
negative pole. 

2. By decomposing magnesic silidde with hydrochloric 
acid : — 

SiMg", + 4Ha « 2MgCl, + SiH,. 

Ha^nedo Hjdroohlorio Magnetio Silido 

■Qieide. add. diloride. hydride. 

Beaetion, — Inflames spontaneously in air, produdug water 
and silicic anhydride : — 

SiH, + 20, = SiO, + 20H,. 

Silido Silide Water, 

hjdride. anhjdride. 



SILICIC CHLORIDE. 

SiCl,. 
Molecular weight =170'6. Molecular volume Q^. 1 litre 
weighe 85*25 criths. Sp. gr. of liquid 1*52. Boils at 59''. 

Preparation, — 1. By burning silicon in chlorine. 
2. By heating a mixture of carbon and silicic anhydride in 
a stream of chlorine : — 



), 4- 2C + 2C1, = SiCl, -h 2C0. 

Silido Silido Carbonic 

anhydride. ohloride. oxide. 

Beaction. — ^By contact with water it produces silicic and hy- 
drochloric acids : — 



SiCl, + 40H, « SlHo, + 4HC1. 

Irochlo 
add. 

f2 



Silido Water. Silido Hydrochlorio 

Chloride. add. add. 
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SILICIC BBOHIDE. 

SiBr,. 
Molecular weight =348-5. 8p. gr, 2*813 at 0°. BoiU at 153^ 

Preparation. — By the same method as that employed for 
making the chloride, bromine vapour being substituted for chlo- 
rine. 

Beaetion, — Decomposed by water in the same maimer as the 
chloride. 



SniaC FLUOBIDE. 

SiF,. 
Molecular weight aal04*6. Molecular volume n~l » 1 litre 
weighs 62*25 criths, Mtees at —140° C. Condensable gas. 

JPreparation, — ^By heating together silicic anhydride, calcic 
fluoride, and sulphuric acid : — 

SiO, + 2Car, + 2SO,Ho, = SiF, 

Silicic Calcio Sulphurio Silicic 

•nhjdride. flaoride. acid. fluoride. 

+ 2SOHo,Cao". 

Dihydrio oalcio sulphate. 

Seaction. — By contact with water it produces silicic and 
hydrofluosilicic acids : — 

3SiF, + 40H, =: SiHo, + 2SiH,F.. 

SiUoio Water. Bilicio Hydrofluooilicic 

fluoride. add. add. 

By contact with metallic oxides,hydrates, and salts, hydrofluo- 
sOicic acid produces silicofluorides, some of which, as the potasaic 
and baric compounds, are insoluble in water : — 



SiH,F, + 


2KHo 


« SiK,F, -h 


20H,. 


Hydrofluoeilicic 


Potaasic 


Fotamic 


Water. 


acid. 


hydrate. 


aiUoofluoride. 
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COMFOUIWS OF SILICON WITH OXYGEN AND 
HTDBOXTL. 

Silicic anhydride SiO^. 

Silicic acid SiHo^ and SiOHOj. 

Chiyson Si^H^O^. 

Leukon SijH^Oj. 



SILICIC ANHTDBIDE. 

SiO,. 

I^lecular weight =60*5. 8p. gr. 2*69. 

Occurrence. — In the pure state in many minerab, as quartz, 
agate, &c. 
Preparation. — ^By heating silicic acid to 100°. 

SILICIC ACID. 

Tetrabasic... SiHo«. Dibasic... SiOHo^^ 

Preparation, — 1. By treating a solution of a soluble silicate 
with hydrochloric acid : — 

SiNao, + 4HC1 = SiHo, + 4NaCL 

Sodio Hydrochlorio Silioio Sodio 

add. add. chloride. 



2. By passing a stream of carbonic anhydride through a 
solution of a soluble silicate : — 

SiNao, + 40H^ + 4C0, =. SiHo, + 4COHoNao. 

Sodio Water. Carbonio Silide HydrioBodic 

■ilicate anhydride. add. oarbcmate. 

A reaction similar to this is the cause of the disintegration 
of granitic rocks. 

3. By passing silicic fluoride through water. (See p. 100.) 

4. The dibasic silicic acid is said to be produced by the eva- 
poration in vacuo at 16° of a solution of the tetrabasic acid in 
water. 
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The acid prepared by the first three of the above processes 
has probably the formula SIHo^ ; by drying in the air a com- 
pound remains containing 

Si^H^O,. = ai,0,Ho,. 

This last acid, heated to 100°, loses more water, being trans- 
formed into 

Si.H,0,, = Si,0,^o,. 

6, By the action of water on tetrethylic silicate, a compound 
is produced containing 

Si,HgO,, = Si^O^Ho,. 



SILICAIE& 

The soluble alkaline silicates may be prepared by fusing 
silicic anhydride, in the form of sand or flints, or insoluble 
natural silicates, with alkaline hydrates or carbonates. 

The silicates form a very important class of minerals. The 
following list contains a few examples : — 

Sand. 

Flint. 

Bock crystal 

Quartz. 

Opal. 

Chalcedony. 

Feridote. Dmoffnesie iiUeate SIMgo", 

Phenacite. IHfflucinie nlieaU SiQ-lo"^. 

Willemite. Dinncio Mieate SiZno",. 

Zircon. DUirconie HUeate SiZro",. 

Enstatite. Monomagnene silicate .,. SiOMgo" 



> Silicic anhydride SiO,. 



r 



Tb *ux. -pa^ U^ 





(7) 
... ... ,./r;\ -. ^ V 



iV; 1? 



J 



SILICATES. 103 

Diopside. Caleic magnesic dinlicate. \ SIOq ,rw- 1/ 

See fig. 1 J SiO ^^^^' 

Talc. Tetramagneiicpentasilicate, See \ $i\ r\ -Ktr^ n 

fig.2 J ~»^«^g^4- 



Okenite. Tetrahydric calcic disilicate. 
SeefigS 



O Cao". 
SiHo,-J 



Serpentme. JHhydric Mmagnetio din- /m^°"^^°" 
Ucate. See fig. 4 [SiHoMgo" 

Steatite. Trimagnesic tetrasilicate. 1 «« /% -.r // 
See fig. 5 I S*«0.^^.- 

rfflHoMgo" 
Meeracliaam. Tetrahgdrie dmagne*ie\ giTr 

truiUeate. Seefig. 6 |0 

[fflHoMgo" 

SiOHo-, 

Pyrophyllite. Bihydric aluminie tetra- SiO i.l 

nUeatt. See fig. 7 SiO T^"" ' 

SiOHo— I 
Anorthite. Aluminie ealcie ditiUcateA ax /• av, r^. ^xtr, , 
See fig. 8 / ^^'^ »"'^ ^^ ■ 

Labradorite. JJuminic calcic frieilicate, SiCao'-ALo^ 
Seefig. 9 SiO ' 

Gh-OBBularia. Alwnimc tricalcic trisilp- 5!^^., — i, ^ 
«^- See fig. 10 '. gS;:^o^- 



fig 

CUoropaL Ferric tririlicate. See 
fig. 12 

Felspar. Orthose. Dipotasne alumi-\ tunv ai h 
nie hexanUeate. Seefig. 13 ...J »*.".^Oa^o • 



ao— , 

SiO-Fe,oVOH,. 
SiO— ' 
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SILICIC SULPHIDE. 

SiS",. 

FreparoHon. — By passing the vapour of carbonic disulplude 
over silicic anhydride heated to redness : — 

SiO, + CS", := SiS", + CO,. 

Silicic Carbonic Silioio Cartwmo 

anhydride. disolphide. sulphide. anhydride. 

Beaetion. — By the action of water, hydrosulphuric acid is 
evolved, and the solution contains silicic acid : — 

SiS, -H 40H. = SiHo, + 2SH,. 

Silioio Water. Silido Solphoretted 

sulphide. acid. hydrogen. 



TIN, Sn. 

Atomic weight =118. Molecular weight unknown. Sp, gr. 
7 '28. Fuses at 228^. Atomicity " and '^, also pseudo-triatomic. 

The following are the names and formulsB of the principal 
compounds of this metal : — 

Stannous chloride SnCl,. 

Stannic chloride SnCl^. 

Stannous oxide SnO. 

Stannic oxide or anhydride. SnO,. 

rsnci 

Distannous oxydichloride.. < O . (Sy-^y-(oy--^y'(S^ 

[ SnCl 

Stannous hydrate SnHo,. (^)-(o)-@-(oy(^ 

Co 
Stannic acid SnOHo,. 




Th J— T o )— { 8ii>— ( o }— { n J 

Dipotassic stannite SnKo,. 

Dipotassic stannate SnOKo,, 40H,. 



COHFOTTNDS OF TIN. 
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Difltannic trioxide ... \^^% © 

® 
StennouBrtamuite SaOSno". 0=(S^ © 

"SnHo. 


SnHo, 

Metastannic acid (dried at ] ^ 
100°) \ SnO . 

SnHo. 
O 
LSnHo, 

fSnHo^Ko 


SnHo, 
^, O 

Dipotasac metaBtaimate. . . ^ SnO 



SnHo, 
O 
I^SnHojKo 

SiannouB snlphide SnS". 

Stannic sulphide SnS" . 

Difltannic tribulphide | s'^a''s", 



or 







Stannoua BulphoBtannate. . SnSSna". 



©=<5) 



p5 
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COMPOUNDS OF TITANIUM. 



Stannous sulphate SO^Sno". 




TTTAinnM, TL 

Atomic weight ss50. Molecular weight unknown. 8p, gr. 5'3. 
Atomicity " and ^^, also paeudO'triatomie, 

The foUowing are the names and formulae of the chief com- 
pounds of titanium : — 



Titanic tetrachloride TlCl^. 



Dititanic hexachloride ... j ^z^y 



LTICV 




Titanous oxide TTIO. 

Titanic oxide or anhydride 
(Eutile, Anatase, Brook- 
ite) 



^TIO,. 



©=® 



© 



0-0-<2H2hSi 



Titanic acid TTlOHo,. 

Titanic sulphide TIS",. 

Dititanic dinitride \ m]^'"- (E)^®"®^^ 



Trititanic tetranitride TljN"'^ (^^© ® (5^© 
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CHAPTER XVL 

PENTAD ELEMEirrS. 

Sectiok I. {Continued from Chapter XII.) 

PHOSPHOEUS, P,. 
Atomie weight =31. Molecular weight =124. Molecular 
volume I I L 1 litre of phosphorus vapour weighs 62 
eriths. Sp. yr. 1*83. Ihises at 44h^5°. Boils at 290°. 
Atomicity '" and\ ^Evidence of atomicity : — 

Phosphorous trihydride P"'H, 

Phosphorous trichloride P"' CI,. 

Phosphoric chloride P^Clj. 

Phosphonic iodide P'H^L 

Occurrence. — In combination as a constituent of several 
minerals, and in small quantities in most rocks and soils. 

In plants, and in the brain, nerves, urine, and bones of 
animals. 

Manufaetwre, — Calcined bones or Sombrerite, both of which 
consist chiefly of calcic phosphate, are digested with sulphuric 
add, by which the tricalcic diphosphate is converted into tetra- 
hydric calcic diphosphate : — 

P.O^Cao", + 2SO,Ho, = P,0,Ho,Cao" + 2SO,Cao". 

Trioaloio diphofl- Snlphnrio Tetnhydric calcio Calcdo 

phttte (Bone-adi). add. diphosphate. Bolphate. 

The tetrahydric calcic phosphate is extracted with water 
from the calcic sulphate, evaporated, mixed with charcoal, dried 
and distilled, when phosphorus, carbonic oxide and tricalcic 
diphosphate are produced : — 

3P,0,Cao" + C,, = PACao", + lOCO + P,. 

Caldo mete- Trioalcio Carbonic 

phosphate. diphoaphttta. oxide. 
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AMORPHOUS FHOSFHOEUS. Allotropie Fhogphorug. Bed 
Phosphorus, 

Obtained by heating common phosphorus to 230^-250^ in 
close vessels. 

Neither the number nor the arrangement of the atoms in 
the molecule of this variety of phosphorus is known. 



COMPOUNDS OF PS08PH0BUS WITH 
RTBEOaEK 

Phosphorus forms three compounds with hydrogen, which 
cannot be obtained by the direct combination of their elements. 

Liquid ditto T";H^. 

Gaseous ditto PH,. 



GASEOUS FHOSPHORETTED HTDBOGEN. 

^^' 0-©-© 

Molecular weight sSii. Molecular wlume \ I 1 . 1 litre weigh 
17 criths. 

Preparation, — 1. By heating hypophosphorous acid : — 
2POH,Ho = PH. + POHo,. 

HypophomhoroaB Fhosphoretted Phoiphorie 
adcL hydrogen. add. 

2. By heating phosphorous acid : — 

4P0HH0, = PH. + 3POHo,. 

Phoaphoroiu Fhosphorotted FhiMphoric 

add. hydrogen. aoid. 
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3. Bj heating phosphorus with solution of sodic or potaasic 
hydrate : — 

SONaH + P^ + 80H, = 8POH,Nao + PH,. 

Sodio Water. Sodio Phosphorettad 

fajdnte. hTpophoqthifte. hTOrogen. 

The gas prepaned hj this process contains free hydrogen and 
the vapour of liquid phosphoretted hydrogen. 

Seactiona. — 1. By combustion in oxygen it yields phosphoric 
acid: — 

PH, + 20, « POHo,. 

»horetted Fhoq^horio 



2. When passed through a solution of cupric sulphate, it 
causes a black precipitate of cupric phosphide : — 

2PII, + 8SO,Cuo" = P,Cu", + 3SO,Ho.. 

Phoflphoretted Cnprio Cnprio Salphnrio 

hjorogen. ■alpnate. phosphide. sdd. 

3. "When passed through a solution of argentic nitrate, me- 
tallic silver and nitric and phosphoric acids are formed : — 



PH, + 8NO^o + 40H,« POHo,+4iAg,+8NO,Ho. 

Phomhoretted ATjgentio Water. Phoephorio ITitrio 

hydrogen. nitrate. add. add. 

4. It unites directly with hydriodic and hydrobromic acids 
when they are presented to it in the nascent state, forming 
compounds isomorphous with the corresponding substances in 
the nitrogen series : — 

PH, + 31, « PI, + SHI; 

Phonhorettod Phoaphorons Hjdriodio 

hydrogen. triiodide. add. 



8PH, + am = 8PH.I. 

Iiosphorettoc 
hydrogen. 



Phoflphorettod Hydriodio Phoaphooio 

add. ioaide. 



In this behaviour phosphoretted hydrogen bears a striking 
analogy to ammonia^ although, unlike the latter compound, it 
does not unite with other acids. 
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LIQUID FHOSFHORETTED HTDROaEN. 



'J^'.H^'^ff^- 



Molecular weight ss66. , 

Freparaeion, — By the action of water or very dilate hydro- 
chloric acid upon calcic phosphide, VJ^a"^, the gas evolved 
being transmitted through a fireezing-mixture : — 

'F'.Ca", + 40H, =» 'F',H, + 2Ca"Ho,. 

Caldo Water. Liquid phot- Ctlae 

phoaphide. pfioretted hydrate. 

njdrofnen. 

The calcic phosphide is prepared by passing the vapour of 
phosphorus over lime heated to redness : — 

14P 4- 14CaO « 2P,0,Cao", + S'F^Ca'V 

Lime. Caloio C«loie 

pyxophosphate. phoefdiide. 

BeacHon, — Decomposed by sunlight into solid and gaseous 
phosphoretted hydrogen . — 

5'F'.H. - 6PH, + (5fp»gj"? 

Liquid pluMpho- G«aeoiu phoepho- Solid phoaphoretted 

retted hydrogen. retted hydrogen. hydrogen. 



SOLID FHOSFHOBETTED HTDROaEN. 

rp(F"H)% 

\P(F"H)"- 
Maleevlar weight a 126 ? 

PreparaHon. — ^By dissolving calcic phosphide in concen- 
trated hydrochloric acid, or by the action of light upon the 
liquid phosphoretted hydrogen. 
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COMPOUNDS OF PR0SPH0BTT8 WITS 

CHLOBIHTE. 

Fhosphonu forms two compounds with chlorine : — 

Fhoflphorous trichloride PCI,. 

Phosphoric chloride PCI,. 

PHOSFHOBOnS TSICHLOBIDE. 

^^' ®-0-<2) 

Molecular weight = 137*5. Molecular volume \ \ I . 1 lUre of 
phaephoroue trichloride Vigour weighe 68*75 erithi, 8p.gr, 
1-45. Boils at 74^"". 

Freparatian. — ^By the action of chlorme upon phosphorus : — 

P. + 3C1, = 2PC1,. 

Reaction. — By the action of water it yields hydrochloric 
and phosphorous acids : 

PCI, + 30H, = 3HC1 + POHHo,. 

Phospharoiu Water. Hydroohlorio Phoaphoroiis 

chloride. add. Aoid. 

PHOSFHOBIC CELOBIDE. 




PCI,. 

© 

MJoleeulaT weight a208'5« Molecular volume fTI to \-f-\ ^ 
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1 lUre of phosphoric chloride weighs 52*1 to 1041*25 erUki. 
Volatilizes below 100^ 

Preparation, — "Bj the action of chlorine upon phosphorous 
chloride : — 

PCI, + CI, = PCI,. 

PhoQ>horoiit Phosphorio 

chloride. chloride. 



Beactions. — 1. By the action of an excess of water it pro- 
duces hydrochloric acid and phosphoric add : — 

PCI, + 40H, « 5HC1 + POHo,. 

Phosphorie Water. Hydrochloric Fhoflphoric 

chloride. add. aoid. 

2. When submitted to the action of alcohols and adds, the 
chlorides of the radicals of the alcohols and adds are obtained, 
thus : — • 

{c5:Ho + PCI. = {gi^d + HCl + POCl,. 

Bthrlio Phoephoric Ethylio Hydrochlorie Phonhorie 

alooQol. chloride. chloride. scid. oxjtnadaridB. 

{cOHo + PCI. - (gg5i + HCl + POCl.. 

Acetic add. Phofphorio Aoetjrb'c Hydrochloric 

chloride. chloride. add. 



COMPOUND OF PH0SPH0BU8 WITS OHLOBINE 

AND OXYGEN. 

FHOSFHOSIC OXTTSICHLOBIDE. 

POCl,. 
Molecular weight =» 158*5. Molecular volume m . 1 litre of 
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phosphoric oxytrichloride vapour weighs 7676 oriihi. 8p. gr. 
1-7. Boilingpoint 110°. 
Preparation, — 1. By the action of a limited quantity of 
water on phosphoric chloride : — 

PCI, + OH, = POCI3 + 2HC1. 

^oophorio Water. FhcNnhorio Hydrochlrario 

chloride. osTtricmoride. acid. 

2. By passing oxygen through boiling phosphorous trichlo- 
ride: — 

PCI3 + = POCl,. 

Fhoephorona Fhoiphorio ^ 

tricnloride. ozTtrichloride. 

3. By heating phosphoric chloride with phosphoric anhy- 
dride: — 

P,0, + 3PC1, = 6P0C1,. 

Phoephorio Phoephorio Phosphorio 

anhydride. chloride. oxTtricnloride. 

4. It is formed as a secondary product in the preparation of 
the chlorides of alcohol and acid j-adicals as aboye described 
(p. 112). 

Reactions. — 1. By contact with water it is transformed into 
hydrochloric and phosphoric acids : — 

POCI3 + BOH, « POHo, + 3Ha. 

Phcvphorio Water. Phoaphorio Hydrochloric 

osytridiloride. acid. acid. 

2. By distillation with the salts of organic acids it yields 
the chloracids : — 

Mc^Nao + "•OCl. = 3{gJ5i + PONao.. 

Sodic Phcwphoric Aoetylic Sodic 

acetate. oxyteicnloride. chloride. phosphate. 



COMFOUm) OF FROSFSOBUS WITR CRLOBINE 
AND 8ULFHUB. 

FHOSPHOfilC SULFHOTfilCHLOBIDE. 

PS"C1,. 
Molecular weight « 169*5. BoiU at 128^ 



114 



COMPOUNDS OF PHOSPHORUS. 



Freparaium. — By the action of sulphuretted hydrogen upon 
phosphoric chloride : — 

PCI, + SH. « PS"C1, + 2HC1 

Fhoaphorio Sulphuretted Phosjphorie Hydrochloric 

diloride. hjrdrof^en. Bolphoteiohloride. add. 

BeacHon, — ^When boiled with sodic hydrate, it yields sodic 
chloride and trisodic sulphophosphate : — 

eONaH + PS"C1, == SNaCl + PS"]Srao3 + 30H,. 

Sodic Phosphoric Sodic Trisodic Watar. 

hydrate. anlphotnohloride. chloride. sulpho- 

phosphate. 



COMPOUNDS OF PHOSPHOBUS WITH OXTQEN 
AND HTDBOXTL, 



Phosphorous anhydride. . . PaO,. 



Phosphoric anhydride . . . P.Og. 



Hypophosphorous acid . . . POH,Ho. 
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(tnbasic) ... J ' 



Metophosphoric IpoHo. 
acid (monobasic)* J 



Pyrophosplioric 
acid (tetra- 
basic) 



^P.O.Ho,. 




Hexabaric phoBphoric acid P^O^NaOe. 

Sodium salt (Fleitmann and Keimeberg) (Hexasodic tetra^ 
phoBphate): — 




Dodecabasic phosphoric acid P^^,Ol,Nao„. 

Sodium salt (Ileitmami and Henneberg) (Dadecasodie deea- 
phosphate): — 
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FHOSFHOaOVS AVETBSIDE. 

PA- 

Moihevlar weight ssllO. 

Preparation, — By the slow oxidation of phosphorus in a 
gentle current of dry air. 

Reaction, — In contact with water it produces phosphorous 
acid: — 

P.O. + 30H, = 2POHH0,. 

Fhotphorons Water. Phoflphorons 

anhydride. acid. 



FHOSPHOBOUS ACID, 

POHHo,. 
Molecular weight 8=82. 

Freparation, — 1. By the action of water on phosphorous 
anhydride as above. 
2. By the slow oxidation of phosphorus in moist air. 
8. By the action of water upon phosphorous chloride (see 

p. 111). 

4. By passing chlorine through phosphorus under hot water. 
Beactions, — 1. When heated, it yields phosphoric acid and 
phosphoretted hydrogen : — 

4POHH0, = 3POH03 + PH.. 

Phosphorous Phoei>horic Fhosphorefcted 

•cid- add. hydrogen. 

2. It absorbs oxygen from the air, yielding phosphoric acid : — 
2POHH0, + 0, = 2POH0,. 

Phosphorom acid. Phosphoric acid. 
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FHOSFHOBIC AimTDBIDE. 

PA- 
Molecular tDeiffht =^142. 

Preparation, — By burning phosphorus in excess of dry air 
or oxygen. 

Reaction. — ^By contact with water it forms metaphosphoric 
acid: — 

P,0, + OH, == 2PO,Ho. 

Phoaphorio Water. Metaphosphorio 

anhyoride. acid. 



METAPHOSPHOBIC ACID. 

PO,Ho. 
Molecular weight =80. 

I^reparation, — 1. By dissolving phosphoric anhydride in 
water (see above). 

2. By heating phosphoric acid to redness — 

POHo, = PO,Ho + OH,. 

Phoephorio Metaphos- Water, 

add. phoric acid. 

Preparation ofmetaphoephates, — ^The metaphosphates may be 
produced — 

1. By igniting a dihydric phosphate with a fixed base : — 

POHo^Nao = PO^Nao + OH,. 

Dihydrio sodio Sodio Water, 

pnosphate. metaphoephate. 

2. By igniting a monohydric phosphate which contains one 
atom of a volatile base : — 

POHoNao(N^H,0) = PO,Nao + NH, + OH,. 

Hydric iodic ammonic Sodio Ammonia. Water, 

phosphate. metephosphate. 

3. By igniting a dihydric pyrophosphate : — 

P,03Ho,Nao, = 2PO,Nao + OH,. 

Dihydric diaodic Sodic Water, 

pyrophoaphate. metephoq^hate. 
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FTBOPHOSFHOBIC ACH). 

P,0,Ho.. 
Molecular weight =sl78« 

PreparaHon, — By decomposing plumbic pyrophosphate by 
hydroBulphuric acid : — 

TfisPho", + 2SH, = 2PbS" + P,O.Ho,. 

Plionbic Bolpharetted Plnmbio Fyrophoflpliarie 

pyrophosphate. hydrof^en. sulphide. acid. ; 

Pyrophosphates are prepared by heating monohydric phos- 
phates containing two atoms of a fixed base : — 

2POHoNao, = TfiJ^&o^ + OH,. 

Hydrio disodio Sodio Water, 

phosphate. pyrophosphate. 



FHOSFHOBIC ACID, Orthophoiphorie Acid. 
POHo,. 
Molecular weight =98. 

Preparation, — 1. By boiling a solution of phosphoric anhy- 
dride orof metaphosphoric acid in water: — 

P,0, + 30H, = 2POHo,. 

Phosphoric Water. Phos^horio 

anhydride. acid. 

2. By the oxidation of amorphous phosphorus with nitric 
acid, and then boiling the product with water. 

3. By the action of water upon phosphoric chloride and 
phosphoric oxytrichloride (see pp. 112 and 113), 

4. By the combustion of phosphoretted hydrogen in air or 
oxygen : — 

PH3 + 20, = POHo,. 

Phosphoretted Phosphoric 

hydrogen. add. 
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5. By decomposing tri calcic diphosphate (bone-ash) with a 
large excess of sulphuric acid : — 

P,O.Cao", + 3SO,Ho, + 60H, « 2POHo, 

Trioalcic Sulphorio Water. Phoflphorio 

diphosphate. add. acid. 

+ 8SHo,Cao". 

Gypsom. Tetrahydrio 
oalcio sulphate. 

Beaetion, — When heated to 213°, it produces pyrophos- 
phoric acid : — 

2POH03 = P,03Ho, + OH,. 

Phosphoric Pyrophosphoric Water, 

actd. acid. 

The phosphates are a numerous and important class of salts. 
The following list contains some of the most interesting : — 

Common 8odic phoBphatel poHoNao„ 120F,. 
(Ill/chic atsodic phasphate) J 

Trisodic phosphate PONaOg, I2OH3. 

Hydric sodic potassic phosphate POHoNaoKo, OH,. 

Apatite (Francolite) P,0,Cao"/^Ca" )• 

Triple phosphate (Diammonic] ^^ . ,, „ ^„ 

LinJc diphosphate) ...} P.O^mo.Mgo"„120H, 

Vivianite P,0,Feo"„ 80H,. 

Wavellite P,0('A1"',0.)'»., 120H.. 

Pyromorphite P,0,Pbo"/ci^''")- 



ABSENIC, As,. 
Atomic ieeight =75. Molecular weight bSOO. Molecular 
volume I I I. 1 litre of artenie vepour weight 150 erithg. 
Sp.gr. 6-6 to 59. Volatile at 180°. Atomicity'" and '. 
Evidence qfatomiciUf : — 
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ArBeniupetted hydrogen Aji"'H3. 

Arsenious chloride Aji'^'Clg. 

Tetrethylarsonic chloride Aa^Et^CL 

Oecurrenee. — ^In nature, in various ores, and sometimes in 
the free state. In some mineral waters, and in the mud of 
rivers. 

Preparation. — By reducing, with charcoal, arsenious anhy- 
dride, which is produced in the roasting of many ores : — 

AMfis + 3C « As, + SCO. 

Aneniorui Carbonic 

ajihjdride. oxide. 



COMFOUJn) OF ARSENIC WITH HTDEOGEHf. 

ABSENIUBETTEB HTBROaEN, Arsenious Hydride. 
A»H,. 

Molecular weight =78. Molecular volume I I 1 . 1 litre vmghs 
39 criths. Boils at —40°. 

Preparation, — 1. In the pure state by the action of sulphuric 
acid on an alloy of arsenic and zinc : — 

A«,Zn", + 3SO,Ho, = 8SO,Zno" + 2A*H,. 

Aneniorui Sulphnrio Zindo AneninreCted 

■inoide. add. solphAte. hydrogen. 

2. By the action of nascent hydrogen upon soluble arsenic 
compounds, as by the introduction of arsenious acid into an 
apparatus evolving hydrogen : — 



AsHo, 


+ 


3H, 


= A.H, + 


30H, 


Aneniou 






Araeninretted 


Water. 


add. 






hydrogen. 





Beactions. — 1. When burnt with free access of air, it givee 
water and arsenious anhydride : — 

2A«H, + 30, = As.O, 4- 30H,. 

Arfleninretted Arsenioos Water, 

hydrogen. anhydride. 
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2. TVlien burnt with a limited supply of air, it yields water 
and free arsenic : — 

4A«H, + 30, = As, + 60H,. 

Aneninretted Water, 

hjdrogen. 

3. When exposed to a red heat, it is decomposed into arsenic 
and hydrogen. 

4. Passed through a solution of argentic nitrate, it yields 
a precipitate of metallic silver, arsenious and nitric acids re- 
maining in solution : — 

6NO,Ago -f 30H, + AmU, = 6NO,Ho 

Argentic nitrate. Water. Arsenioretted Nitric add. 

hydrogen. 

4- AaHo, + 8Ag,. 

Aneniona add. 

COMPOUND OF ARSENIC WITH CRLOEINE, 
ARSENIOUS CHLOBIDE. 

AsCl,. 
Molecular weight =sl81*6. Molecular volume I I I . 1 litre of 
arsenious chloride vapour weighs 9075 criths. Sp. gr, 2*205. 
Boils at 132^. 

Preparation. — 1. By the action of dry chlorine upon arse- 
nic: — 

As, 4- 3C1, = 2A«C1,. 

AraenioiiB 
chloride. 

2. By distilling arsenic with mercuric chloride (corrosive 
sublimate) : — 

As, + 6HgCl, « 3'H6',C1, + 2A«C1,. 

Mercnrio Mercnrona Araenioos 

chloride. chloride. chloride. 

3. By distilling sodic chloride, arsenious anhydride, and sul- 
phuric acid : — 

A»,03 + 6NaCl + 6SO,Ho, = 2A«C1, 



Anenioufl 
•ohydride. 


Sodic Snlphorio 
chloride. add. 

+ 6SO,HoNao + 80H,. 

Hydric Bodic Water, 
golphate. 


Aneniona 
chloride. 
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Reaction, — With excess of water it forms araenioiia and 
hydrochloric acids : — 

AmQ\ 4- 30H, = 3HC1 + AaHo,. 

Anenions Water. Hydroohlo- Anenioni 

ofaloride. rio add. acid. 



COMFOUHmS OF ABSENIC WITH OXYGEN AJSTD 
RYDBOXTL. 

Arsenious anhydride ^^fir 

Arsenic anhydride ^^fiy 

Arsenious acid AsHo,. 

Arsenic acid AsOHo,. 



ABSENIOUS AITHTDBIDK 
A.,0.. 

Molecular weight =198. Molecular volume Q. 1 litre oj 
arsenious a/nhydride vapour weighs 198 criths (anomalous). 
Sp, gr, 3-7. 

Occurrence. — Very rare in nature. 
Preparation. — 1. By burning arsenic in air or oxygen. 
2. By roasting arsenical ores in certain metallurgical opera- 
tions. 

ABSENIOUS ACID. 
AsHo,. 
Molecular weight =126. 

Only known in solution. 

Arsenious acid forms many salts, of which the following an 
examples : — 

Dihydric potassic arsenite (Fowler^s 

solution) AsHo^Ko. 

Hydric cupric arsenite (JScheeWs 

green) AjiHoCuo". 

Triargentic arsenite AsAgo,. 



ARSENIC AGIP. 
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A monobasic araenious acid, AsOHo, correspondiDg to ni- 
troiifl acid, appears to exist, one of its compounds, AsOAmo, 
being known. Arsenious acid when boiled with cupric ace- 
tate yields Schweinfiirt green, 3Ai,0,Cuo", CuCC^HjO^,. 



ARSENIC AiraTDKIDE. 

Molecular weight s=230. 
Preparation. — By heating arsenic acid nearly to redness : — 
2AaOHo3 = 30H, -f Aa,0,. 



Anenio add. 



Water. 



Anenio 
anhydride. 



ARSENIC ACID. 
AaOHo,. 
Molecular weight ssl42. 

JPreparation. — ^By treating arsenious anhydride with nitric 
acid: — 
A«,0, + 2NO,Ho + 20H, = 2AaOHo, + N.O,. 

Anenioiu Nitric aoid. Water. ArMnloadd. Nitrona 

aahydiide. anhydride. 

Salts are known derived from acids of the three foUowiog 
f onnulffi : — 



AaO,Ho, 


AaOHo,, 

Araenioacid. 


AaAHo,, 

Pjnunenioacid. 


corresponding 
to 


correspondiDg 
to 


corresponding 
to 


PO,Ho 


POHo,. 

Phosphoric 


PAHo,. 


and 






NO^o. 

Nitric aeid. 







a2 
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COMPOUNDS OF ABBENIG WITH SULPHUR AND 
HYDBOSULPHTL. 



E^algar {^|! = 'Aji' 

Sulpharsenious anhydride (Arsenious \ *. an 
sulphide) \^'P^' 

Sulpharsenic anhydride (Arsenic suU \ a - an 
phide) |^.«v 

Sulpharsenious acid AsHs,. 

Sulpharsenic acid AsS'^Ks,. 



SEALGAB, Diarsenious Bisulphide. 



2 2' 



'A«",S"„ or -I j^^ff 



{: 



Molecular weight =214. Sp. gr, 3*5. 

Occurrence. — Found native. 

Preparation, — By heating sulphur with arsenious anhy- 
dride : — 

S, + 2A«,0, = 3S0, + 2'A«",S'V 

Araenioas Sulphorons Realgar, 

anhydride. anhydride. 

SULFHABSENIOUS AITHTDRIDE, Arsenious Sulphide, 
Orpiment, 

Molecular^ weight =246. Sp, gr. 3'5. 

Occurrence, — Found native. 

Preparation. — By passing sulphuretted hydrogen through a 
solution of arsenious anhydride in hydrochloric acid : — 
2A«Cl3 + 3SH, = 6HC1 + A»,S".. 

Anenioua Sulphuretted Hydroohlorio Araeniout 

chloride. hydrogen. acid. solphide. 
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Reaction, — Arsenious sulphide dissolves in caustic alkali, 
producing an arsenite and a sulpharaenite : — 

A«3S"3 + 40KH = AsHoKo, + AsHsKs, + OH,. 

Anemons Potaano Hydriodipo- Solphhydric Water, 

aolphide. hydrate. taaaic anenite. difolphopotaasio 

flulphanenite. 

By the addition of an acid, the arsenious sulphide is repre- 
dpitated : — 

AjiHoKo, + AsHsKs, + 4HC1 = 4KC1 

H jdric djpotaa- Sulphhydrio Hydrochlorio Potassic 

sicanenite. disnlphopotasBio add. chloride. 

Bolphanenite. 

+ A«,S", + 80H,. 

Anenions Water, 

sulphide. 

ProtttHte is a native sulphargentic sulpharsenite, AsAgs,. 



STTLPHABSENIC ANHYDRIDE, Arsenic Sulphide. 

A.A. 
Mbleeular weight ==310. 

Preparation. — ^By fusing together arsenious sulphide and 
sulphur. Sulpharseniates may be obtained by passing sulphu- 
retted hydrogen through solutions of arseniates : — 

AjiOHoNao, + 4SH, = AsSHsNas, -h 40H,. 

Solphnretted Bolphhydrio disnlpho* 
hydrogen. bo^o snlpharBeiuate. 



Hydricdiiodic Solphnretted Bnlphhydric disnlpho- Water. 

" " BO^osnlpha 



ANTIMONY, Sb,? 

Atomic weight ssl22. Frohable molecular weight =488. 8p, 
gr, 6-7. Fuses at 430°. Atomicity '" and \ Evidence of 
atomicity : — 

Antimonious chloride Sb"'Cl3. 

Antimonic tetretho- chloride 1 

{TetrethyUtihonic chloride), ] ^"^''Et.Cl. 
Antimonic chloride Sb'Clj. 



126 ANTIMONIURETTED HTDROOBN. 

Occurrence. — ^To a small extent in the native state. Alloyed 
with metals in a few minen^. Sometimes in the form of 
oxide, but principally in the form of grey antimony ore or 
stzbnUe, which consists of antimonious sulphide. 

Freparation, — 1. By fusing the native sulphide and intro- 
ducing metallic iron, which removes the sulphur : — 

Sb,S", + 3Pe = 3PeS" -h Sb,. 

Antixnonioiu Ferrous 

sulphide. sulphide. 

2. The native sulphide is roasted in contact with the air, 
when it is partially converted into antimonious oxide : — 

2Sb,S'', + 90, = 2Sb,03 + 6S0,. 

AntimoDious Antimonious Sulphurous 

su^hide. oxide. anhydride. 

The roasted mineral is then fused with charcoal and sodic 
carbonate. The reaction takes place in two stages : first, the 
remaining sulphide is converted into oxide by the sodic carbo- 
nate, and subsequently the oxide is reduced by the carbon : — 

1. Sb,S", + 3CONao, = 3C0, + 3SNa, + Sb,0,; 

Antimonious Sodic Oarbonio Sodio Antunoniooa 

sulphide- carbonate. anhydride. sulphide. oxide. 

2. Sbp, + 8C = 8C0 + Sb,. 

Antimonious Carbonic 

oxide. oxide. 

3. Antimony may be obtained in the pure condition by 
reducing, with charcoal, the oxide formed by th^ action of nitric 
acid upon crude antimony. . 



COMPOUND OF AlfTIMONY WITH RTDROOBJI^. 

ANTDIONIUBETTED HTDBOGEN, Antimonioua Hydride. 
SbH,. 

Molecuhr weight =3125? 

This compound is unknown in the pure condition. 
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Preparatian. — 1. By the action of hydrochloric add upon an 
alloy of zinc and antimony : — 

Sb^n"3 + 6HC1 = 2SbH3 + SZxk(\. 

Antimonions Hydrochlorio Antimonions Zinoio 

-i"-*-'- add. hydride. chloride. 



2. By the action of nascent hydrogen evolved from zinc and 
sulphuric acid upon soluble antimony compounds. In both 
these reactions the antimonious hydride is always mixed with 
much hydrogen : — 

SbCl, + 3H, = SbH, + 3HCL 

Antimonioiu Antimonioaa Hydrochloric 

chloride. hydride. acid. 

Ideaetiong. — 1. When burnt in air or in oxygen, it yields 
water and antimonious oxide : — 

2SbH3 + 30, = Sb,0, + 30H,. 

Antimonious Antiinonioas Water, 

hydride. oxide. 

2. When burnt with a limited supply of air the hydrogen 
only is oxidized, the antimony being deposited : — 

4SbH, + 30, = Sb, + 60H,. 

Anttmonions Water, 

hydride. 

3. Decomposed into its elements, like arsenious hydride, 
when passed through a red-hot tube. 

4. When transmitted through a solution of argentic nitrate, 
it produces a precipitate of antimonious argentide, thus dif- 
fering from arsenious hydride (see p. 121): — 

3NO,Ago + SbH, = 3NO,Ho -h SbAg,. 

Aj^ntio Antimonioiu Kitrio Antimoniont 

nitrate. hydride. add. argentide. 

From the composition of this compound, and from that of 
some of its analogues, the composition of antimonious hydride 
is inferred. 

Antimonious hydride SbH,. 

Antimonious bromide SbBr,. 

Antimonious argentide SbAg,. 
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Antimonious zincide Sb^Zn",. 

Antimonious etbide. {TriethyUHhine.) SbEt,. 
Antimonious amylide. {TriamyUtibine,) SbAy,. 



COMPOUNDS OF ANTIMOUnT WITH CRLOBINE. 

Antimonious chloride SbCl,. 

Antimonic chloride SbCl^ . 

ANTIMONIOUS CHLOBIDE. 

SbCl,. 

Molecular weight = 228*6 . Molecular volume I I I . 1 litre of 
antimonious chloride vapour weighs 114*25 criths. Fuses 
at 72°. Boils at 223°. 

Freparation. — 1. By passing chlorine over excess of metallic 
antimony or antimonious sulphide, and purifying by distil- 
lation : — 

Sb, + 301, = 2SbCl,. 

Antimonions 
chloride. 

2Sb,S", + 9C1, = 4SbCl, + 3'S',C1,. 

Antimonioas Antimonioas Duolphnr 

sulphide. diloride. dichloride. 

2. By dissolving antimonious sulphide in hydrochloric add, 
OP antimony in hydrochloric acid containing a little nitric acid, 
evaporating and distilling the product : — 

Sb,S"3 + 6HC1 = 3SH, + 2SbCl3. 

Antimonious Hydrochloric Sulphuretted Antunonioas 

■olphide. acid. hydrogen. chloride. 

Sb,+6HC1 + 6NO,Ho « 2SbCl, + 60H, + SUT'.O,. 

Hydrochloric Nitric Antimonious Water. Nitric 

Bcid. add. chloride. peroxide. 
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3. Bj distilliiig antimonj or aatimonious sulphide with 
mercuric chloride : — 

Sb, + 4HgCl, = 2SbCl3 + 'Sb",Hg", + 'Hg'.Cl,. 

Meronrio Antimonioiu Dimeroorio Mercaroiu 

chloride. chloride. diantunonidc. chloride. 

Sb,S", + 3HgCl, = 2SbCl, + 3HgS". 

Antimomooi Mercurio Antunonious Ifercorio 

sulphide. chloride chloride. tolphide. 

4. By distilling antimonious sulphate with sodic chloride : — 
S,0,Sbo'", + 6NaCl = 2SbCl, -h 3SO,Nao,. 

Andmonioiu Sodic Antimonious Sodic 

sulphate. chloride. chloride. sulphate. 

Reaction. — With water it produces antimonious oxychlo- 
ride: — 

SbCl, + OH, = 2HC1 + SbOCl. 

Antimonious Water. Hydrochlcmo Antimonious 

diloride. add. oxyohloride. 

Long-continaed action of water transforms this compound 
into antimonious oxide : — 

2SbOCl + OH, = 2HC1 + Sb.O,. 

Antimonious Water. Hydrochloric Antimonious 

ozychloride. ' add. oxide. 



ANTIMONIC CHLORIDE. 

SbCl,. 
Molecular weight =299*5. Fuses at (f. 

Preparation. — 1. By acting upon antimony with excess of 
chlorine : — 

Sb, + 5C1, = 2SbCl,. 

Antimonio 
chloride. 

2. By passing chlorine over antimonious chloride, the latter 
liquefies, producing antimonic chloride ; — 

SbCl, + CI, = SbCl«. 

Antimonious Antimonio 

chloride. chloride. 

q5 
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Reactions. — 1. "With a small quantity of water it forms 
antimonic oxytrichloride, analogous to phosphoric ozytrichlo- 
ride: — 

SbCl, + OH, = SbOCl, -h 2HCL 

Antimonic Water. Antimonio Hydrochlonc 

ohioride. oagrtridiloirida aoid. 

2. An excess of water transforms antimonic chloride into 
orthantimonic acid or pyrantimonic acid, corresponding to 
pyrophosphoric acid : — 

SbCl. + 40H, = SbOHo, + 5HC1: 

Antimonio Water. OrtiiBatimonio HTdroohlorio 

ohioride. add. add. 

orSSbCl, + 70H, = Sb,0,Ho, + lOHCl. 

Antimonio YftlLa. Pyrantimonio Hjdrodilarie 

chloride. add. add. 

3. By the action of sulphuretted hydrogen antimonic sui- 
photrichloride is formed : — 

SbCl, + SH, = SbS'Cl, + 2HC1. 

Antimonio Bnlphnretted Antimonio HTdrodiloric 

ohioride. hydrogen. snlpho^ohloride. add. 

AfUimonious bromide, SbBr,, resembles antimonious chloride ; 
it fuses at 90^, boils at 270°, and by the action of water is 
converted into the oaybromide, SbOBr. 

Antimonious iodide, Sbl„ when acted upon by water forms 
the oxyiodide, SbOI. 

The corresponding^/Wru^tf, SbF„ is said to exist and to be 
soluble in water without»decomposition. 



OXIDES AND ACIDS OF AJUfTIMONT. 

Antimonious oxide or anhydride Sb^O,. 

Diantimonic tetroxide 'Sb^^.O^. 
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Antimonic anhydride Sb^O^. 

Metantimonious acid SbOHo. 

Ortliantiinoiiic acid SbOHo,? 

Metantimonic acid SbO^Ho. 

PTTantimonic acid SbjO,Ho^. 



ANTIMONIOUS OXIDE, OB ANHYDRIDE. 



Sbfi, 



Molecular weight =292. 



Occurrence. — In nature in the rare minerals valentinUe and 
eenamumHte. 

Preparation, — 1. By burning antimony in air : — 

28b, + 80, + 2Sb,0,. 

AntixnoiiioQB 
oxide. 

2. By pouring a solution of antimonious chloride in dilute 
hydrochloric acid into a boiling solution of sodic carbonate : — 



2SbCl, -h 


3CONao, 


« Sb,0, + SCO, + 6NaCl. 


Lntimomou 


Bodio 




chloride. 


oerboiuite. 


oxide. anhydride. chloride. 



3. By heating metantimonious acid to the temperature of 
boiling water : — 

2SbOHo = OH, + Sb,0,. 

Metantimonioiw Water. Antunoniou 

aoid. oxide. 

Beactione. — 1. When heated to redness in the air, it bums 
like tinder, forming diantimonic tetroxide : — 

Sb,0, + = 'Sb^O y 

timonioas Diantimoni' 

oxide. tetroxide. 
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2. Eeadily reduced to the metallic state by ignition with 
charcoal, hydrogen, &c. : — 

Sb,03 + C3 = Sb, + SCO. 

Antimoiiioixs Garbonie 

oxide. oxide. 

Sb,0, + 3H, = Sb, + 30H,. 

Antiinonioiu Water, 

oxide. 

3. Seadily disBolved by a hot solution of hydric potassic tar- 
trate (cream of tartar), forming potaesic antimony lie tartrate 
(tartar emetic) : — 



COHo 

cSSo + «^03 = 2 
COKo 



fCO(Sb"'0,) 
CHHo , o„ 

CHHo + "^'• 

COKo 



Hydrio potamic Antimonious Potaadc antimoQyIio Water, 

tartrate (Cream oxide. tartrate (Tartar 

of tartar). emeUc). 

4. Dissolved by hydrochloric acid, forming antimonioui^ 
chloride : — 

Sbp3 + 6HC1 = 2SbCl3 + 30H,. 

AntimoniooB Hydrochloric AntimoniouB Water, 

oxide. acid. chloride. 



METANTDIONIOUS ACID. 

SbOHo. 
Molecular toeight =155. 

Preparation. — By pouring a solution of antimonious chloride 
into a cold solution of sodic carbonate : — 

2SbCl3 + SCONao, + OH, = 2SbOHo 

Antimonious Sodic Water. Metantimoniooa 

chloride. carbonate. add. 

+ 3C0, + 6NaCL 

Carbonic Sodic 

anhydride. chloride. 



ANTIMOXIC ANHTPBIPE. 
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Beaetians. — 1. Decomposed by heat (page 131). 
2. Seadily dissolved by alkaline hydrates, producing ill-de- 
fined antiinonites. 



DIANTIMOiriC TETBOXIDE. 



(SbO, 

iSbO, 



Molecular weight =308. 

Occurrence. — Found native as cervantite. 

Preparation. — 1. By igniting antimonic oxide, or the white 
solid produced by the action of nitric acid upon metallic anti- 
mony : — 

2Sb,0, = 2'Sb'-,0. + 0,. 

Anttmonio DUntimonio 

oxide. tefcroxide. 

2. By heating antimonious oxide in contact with the air : — 



2Sb,03 -h 0, 



Antimonious 
oxide. 



2'Sb'\0.. 

Diantimonic 
tetroxide. 



ANTIMONIC ANHTDBIDE. 
Sb,0,. 
Molecular weight =324. 8p, gr. 6-6. 

Preparation. — ^By gently heating the corresponding acids : — 



2SbOHo3 

Orthantimonic 
add. 

2SbO,Ho 

Metantimonic 
acid. 

Sb,0,Ho. 

Pyrantimonio 
add. 



= Sb,0. 

Antimonio 
anhydride. 

= Sb,0. 

Antimonio 
anhydride. 

= Sb,0. 

Antimonic 
anhydride. 



30H,. 

Water. 

OH,. 

Water. 

20H,. 

Water. 
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Beaetiona, — 1. When heated, it is decomposed into dia&ti- 
monic tetroxide and oxygen (see page 133). 

2. Fused with potassic carbonate, it produces potassic met- 
antimoniate : — 

Sb,0, + COKo^ - 2SbO,Ko + CO,. 

Antimonio PotMsio PoteMie Carbonie 

anhydride. oarbonate. metantimoiiiata. aohTdridie. 



OBTHAirrDICONIC ACID? 

SbOHo,? 

PreparaHon. — Said to be formed bj the action of water upon 
antimonio chloride (see p. 130). 



METANTIMONIC ACID. 

SbO,Ho. 

Freparatian. — 1. Bj the action of nitric acid containing a 
little hydrochloric acid on metallic antimony : — 

Sb, + 4NO,Ho « 2SbO,Ho + N,0, 

Nitric add.. Hetantunonio Nitrons 

add. anhydride. 

+ Vfi, + OH,. 

Nitric oxide. Water. 

2. By the spontaneous dehydration of orthantimonic add, 
or of pyrantimonic add : — 

SbOHo, =s OH, + SbO^Ho; 

Orthantimonic Water. lietantimonio 

add. add. 

Sb,0,Ho, = OH, + 2SbO,Ho. 

Pyraatimonio Water. Metantimooic 

add. add. 
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Reaction, — By the action of alkaline hydrates it produces 
either metantimoniates or orthantimoniates : — 

SbO,Ho + OKH = SbO^Ko + OH,; 

Metantimonio PoteMio PotaMsio Water, 

add. hydrate. metaatunoniate. 



SbO.Ho -h OKH = SbOHojKo. 

&ntimoiiio Potasrio 

add. hydrate. 



Metantimoilio Potaeno Dihydric potaMi< 

' ' • ortbant' * " 



FTBANTIMOiriC ACID, FarofUimonio Acid. 

{Metcmtimonic acid ofFrSmy,) 

Sb,0,Ho,. 

Preparation. — ^By acidifying solutions of pyrantimoniates : — 

Sb,0,Ko,Ho, + 2HC1 « Sb,0,Ho, + 2KC1. 

Dihydrio dipotaflflio Hydrochloric Pjrrantiinonio PotMsic 

pyiantimoniate. add. add.. chloride. 

Dihydric dipotassic pyrantimoniate is prepared by fusing an- 
timonic anhydride with excess of potassic hydrate, and extract- 
ing the mass with water, when an alkaline solution containing 
dihydric dipotassic pyrantimoniate Sb^OsHo^Ko, is formed 
This solution produces precipitates in solutions of sodium 
salts, the sodic pyrantimoniate thus formed containing 
Sb.OaHo,Nao„ 60H.. 



COMFOUND OF ANTIMONY WITR OXTGJEN 
AND 8ULFRUB, 

AKTIMONIOUS OXTDISULPHIDE. 

fSbS" 
O «Sb.S",0. 

^SbS" 

Itolecular weight sa824. 

Occurs as a rare mineral known as red antimony. 



186 ANTIMONIOUS SULPHIDE. 



COilFOUNBS OF ANTIMONY AND SULPHUR 

Antimonious sulphide Sb^S",. 

Antimonic aulphide Sh^S'\. 



ANTDIONIOUS SULPHIDE, SulphanHmonious Anhydride. 

Sb.s'v 

Molecular weight =340. 

Occu/rrence, — In nature as etihnite or grey antimony ore. 
Preparation. — 1. By heating together antimony and sulphur, 
OP antimonious oxide and sulphur in the proper proportions :— 
2Sb, + 3S, = 2SbA. 

AntimoniooB 
sulphide. 

2Sb,0, -I- 8, - 2Sb,S", + 3S0,. 

Antunonioiis AntimoniooB Bnlphurooa 

oxide. tolphide. anhydride. 

2. By passing sulphuretted hydrogen through a solution of 
antimonious chloride : — 

2SbCl3 + 3SH, = Sb,S"3 + 6HC1. 

AntimoniooB Bolphoretted AntimonionB Hjdioddorie 

dUoride. hydrogen. sulphide. acid. 

Reactions. — 1. Decomposed by hot hydrochloric acid (see 
p. 128). 

2. Soluble with decomposition in solutions of alkaline hy- 
drates : — 

Sb,S"3 + 6KHo = SbKs, -h SbKo, + 30H,. 

Antimonious Potasaic Tripotaaaic Tripotaasio Water. 

Bolphide. hydrate. sulphanti- antunonite. 

monite. 

Addition of an acid reproduces and precipitates the antimo- 
nious sulphide : — 

SbKs, + SbKo3 + 6HC1 =: Sb,S", + 6KC1 + 30H,. 

Trisulpho- Tripotassic Hydro- Antimo- Potaaaic Water. 

potnssic antunonite. chloric niouB chloride. 

eolphnnti- acid. solphide. 
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3. Soluble in alkaline siilplihydrates : — 

Sb,S", + 6KH8 = 2SbK83 -h 3SH,. 

Antunoniona Fotamic Trisulphopotaasio Sulphuretted 

tolphide. milph- sulphanti- hydrogen, 

hydrate. monite. 



SULPHAKTmONITES. 
Many sulphantimonites occur in nature : — 

Orthosulplumtimonites. 
General formula : — SbMs, and Sb^Ms'^ 

Dark-red silver. TrUulphargentic sulphan- 

iimonite SbAgSg. 

Boulangerite. Trisulphaplumhic sulphan- 

Hmonite Sb^Pbe'V 

Boumonite. Disulpliopltmhic sulphoctt- 
jprou8 sulphantimonite SbjPb8"j,(Cu2S"j)". 

MetcmLlphmtimonites. 
General formula :SbS"Ms and Sb,S";M:s". 

Miargyrite. Sulphargentic metasulphan- 

timonite SbS"Ag8. 

Zinkenite. Sulpihoplwmhic metasulphanti- 

monite Sb.S'.Pbs". 

Antimony copper glance. Sulphocuprous 

metasulphantimonite SbjS"j(CUaS"J". 

Berthierite. Stdphqferrous metasulphan- 

Ummite Sbj^S'^^es". 

Pyro9ulphantvmonite9. 
General formula i—Sh^S^MB^ and Sbjj8"M8",. 
Feather ore. SulpJioplumbic pyrosulpJum- 

Hmanite Sb^S'Tbs'V 

Fahlore. Sulphocuprosoferrous pyrosulph- 
antimonUe Sb,S"(Cu,FeS"3)",. 
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AKTIMONIC SULPHIDE, Sulphantmonte Anhydride. 

Molecular weight b4i04. 

Preparation. — 1. By passing sulplmretted hydrogen through 
a solution of antimonic chloride : — 

2SbCl, + 6SH, = Sb,S", + lOHCl. 

Antimonio Bolphorettod Antiiiionio Hydrocfalario 

chloride. hjdrogen. salphide. add. 

2. By the addition of an acid to a solution of a sulphanti- 
moniate : — 

2SbS"Na8, + 6HC1 = Sb,S", + CNaCl + 3SH,. 

Tritalphosodio Hydro- Antamonio Sodio Solphii- 

■olphantimoniato. duorio sulphide. diloride. retted 

acid. hydrogeii. 

Eeactions, — 1. Decomposed by boiling hydrochloric acid, into 
antimonious chloride, sulphuretted hydrogen, and sulphur : — 

Sb,S", + 6HC1 = 2SbCl, + 3SH, + 8.. 

Antimonio Hydro- Antunonions Snlphn- 

■olphide. chloric ohlorida retted 

add. hydrogen. 

2. Soluble in solutions of alkaline sulphides : — 

Sb^S", + 3SB; = 2SbS"K8,. 

Antimonio Potanic TrisolphopotaaBio 

snlphide. aolphide. aolpluuitimoniate. 

3. Soluble in solutions of alkaline hydrates : — 

4Sb,S", + 240KH = 3SbOKo, + 5SbS"K8, + 120H,. 

Antimonic Fotaesic Tripotaado Trianlphopotaado Water. 

•olphide. hydrate. antimoniate. solphanti- 

moniate. 
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BISinJTH, Bi,? 

Atomic weight =208. Sp, gr. 9*88. Fuses at 265''. Atomicity 
'" and ^ JEvidence of atomicity : — 

Bismuthous chloride Bi"'Cl,. 

BiBmuthous oxide Bi"'j,0,. 

BismuthouB ethide Bi"'Et,. 

Bismuthous dicblorethide Br'EtCl,. 

Bismuthic anhydride B^^O, . 

Occurrence, — Principally in the metallic state in nature. 

Preparation, — 1. On a large scale by fusion and separation 
from earthy impurities. 

2. It may be obtained in the pure state by dissolving com- 
mercial bismuth in nitric acid, precipitating the basic nitrate 
by addition of water, and reducing the precipitate by ignition 
with charcoal. 

No compound of bismuth with hydrogen is known. 



COMFOUm) OF BISMUTH WITH CRLOEINE. 

BISMUTHOUS CHLOBIDE. 

BiCl,. 

Molecular weight =314*6. Molecular volume I I L 1 litre of 
Inemuthous chloride vapour weighs 157*25 criths. 

Preparation. — 1. By passing dry chlorine over metallic bis- 
muth : — 

Bi, + 8C1, = 2BiCl,. 

Bumnthooa 
diloride. 

2. By evaporating a solution of bismuth in hydrochloric acid 
containing a little nitric acid, and distilling. 
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3. By distilling metallic bismuth with mercuric chloride: — 
Bi, + GHgCl, = 2BiCl, + SHg'.Cl,, 

Mercuric BumnthooB Mercorona • 

chloride. chloride. chloride. 

BeacHon. — By the addition of water it is decomposed, form- 
ing bismuthous oxychloride : — 

BiCl, -h OH, = BiOCl + 2HC1. 

Bismnthoiu Water. Bismathoni Hjdrocfalo- 

chloride. oxjchloride. no aotd. 

The following compounds are also Imown : — 

Bismuthous bromide BiBr,. 

Bismuthous iodide Bil,. 

Bismuthous fluoride BiF,. 

Bismuthous oxybromide BiOBr. 

Bismuthous oxyiodide BiOI. 

Dibismuthous tetrachloride \ BiCL 



COMFOUNDS OF BISMUTH WITH OXYGEN 
AND HTBBOXTL. 



Dibismuthous dioxide \ ?j9' 

Bismuthous oxide ^^aOj- 

Dibismuthic tetroxide 'Bi*^jj04- 

Bismuthic anhydride ®*2^»- 

Bismuthous oxy hydrate, or meta- 1 -,.^tt 

bismuthous acid J 

Metabismuthic acid BiO^Ho. 



BISHVTHOVS OXIDE. 
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BISMUTHOITS OXIDE. 
Bi,0.. 

Molecular weight =464. Sp. gr. 8 2. 

Occurrence. — K& the rare mineral bismuth ochre. 
Preparation. — 1. By burning bismuth in air or oxygen. 
2. By heating the nitrate, carbonate, or hydrate : — 

2N30eBio'" = BiA + 3N,0, + 30,. 

BicmixthoQS Bismuthoua Nitrons 

niteate*. oxide. anhydride. 

2NO,(Bl"'Ho,0) = BiA + 20H, + N,0. + O,. 

Biamnthons nitiate Binnnthoiui Water. Nitrons 

dihjdntet- oxide. anhydrid 

CO(BiOJ, = Bi,0, + CO,. 

Bismnthylio Bismnthoos Carbonic 

carbonate J. oxide. anhydride. 

2BiOHo = Bi,0, + OH,. 

Bismnthons Bismuthous Water, 

ozyhydrate. oxide. 
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3. By boiling bismuthous Hydrate in solution of potasaic hy- 
drate, whereby it is converted into bismuthous oxide with lofls 
of water. 

BeactioM, — Dissolved by hydrochloric, nitric, and snlphunc 
acids, forming the bismuthous chloride, nitrate^ and sul- 
phate : — 

BiCl,. N30eBio"'. S,O.Bio"V 

Biamathooa Biamuthoos Bumathoua 

chloride. nitnte. sulphate. 



BISMUTHOUS 0X7HTDBATE, Metabimuthous AM. 

BiOHo. 

Preparation. — By pouring a solution of bismuthous nitrate 

in dilute nitric acid into dilute ammonia or potassic hydrate, 

and drying the precipitate, which, at first, probably containB 

orthobismuthous acid : — 



N.O.Bio'" 


+ 


30KH 


- BiHo, + 


3NO,Ko 






Fotaano 




Fotaade 


nitnte. 




hydnte. 


aotd. 


nitnte. 



BiHo, -- BiOHo + OH,. 

OrthobiBmuthoas Metabiamnthons Water, 

add. add. 

Beaetion. — ^By heat or by boiling with caustic alkali, the 
water is expelled, and bismuthous oxide formed (see p. 141). 

An unstable metabismuthite is produced by fusing bismu- 
thous oxide with sodic carbonate : — 

Bi,0, + CONao, = 2BiONao + CO,. 

Biamathons Sodio Sodio Carbonio 

oxide. carbonate. metabismnthite. anhydridOi 



BISMUTHIC OXIDE, OB ANHTDBIDE. 

Freparation.'-By heating bismuthic acid to 180°. 
Beaetions, — 1. When heated to the boiling-point of mor- 
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cury, it loses oxygen, being converted either into bismuthous 
oxide or dibismuthic tetroxide ; — 

Bi,0. = Bi,0, + O.: 

Bumathio BumTifchons 

oxide. oxide. 

2Bi,0, = 2'Bl'%0, + O.. 

Bismuthio Dibismnthio 

oxide. tetroxide. 

2. When heated in a current of hydrogen, it is readily reduced 
to bismuthous oxide. 

3. Heated with hydrochloric acid, it evolves chlorine, produ- 
cing bismuthous chloride and water : — 

Bi,0, + lOHCl = 2BiCl, + 60H, -f 2C1,. 

Btamathio Hydroohlorio Biamufchoos Water. 

OTidfi acid. chloride. 

4. Sulphurous acid converts it into bismuthous sulphate : — 
8m,0, + 6SOH0, = 2S,0,Bio"', + Bl,0, + 60H,. 

Biamnthic Bnlphnrooa Biamnthona Biamnthooa Water, 

oxide. acid. anlphate. ox idft. 

5. When heated with sulphuric or nitric acid, it evolves 
oxygen, producing bismuthous sulphate or nitrate : — 

Bi,0, + 3SO,Ho, = S,O.Bio'", + 30H, + 0,; 

Bismathio Balpharic Biamuthona Water, 

oxide. acid. aolphate. 

m,0, + 6NO,Ho - 2N,O.Bio"' + 80H, + 0,. 

Biamuthio Nitric Biamathooa Water, 

oxide. add. nitrate. 



METABISHUTHIC AdD. 
BiO,Ho. 

Freparation. — Obtained as a red deposit by passing chlorine 
through a solution of potassic hydrate containing bismuthous 
oxide in suspension : — 

40KH + 2C1, + B1,0, - 2B10,Ho + 4KC1 + OH,. 

Fotaaaio Biamuthona Metabiamnthio Fotasaic Water, 

hydrate. oxide. add. chloride. 



144 BISMUTHOUS SULPHIDE. 

Reaction, — DissolTea in hot solution of potassic hydrate. By 
the addition of an acid to the liquid, a salt, said to have the 
composition 

Bi,0,HoKo, 

is precipitated. 



COMPOUNDS OF BISMUTH WITH SULPHUR, 



Dibismuthous disulphide 'Bi"aS'V 

Bismuthous sulphide Bi^S",. 



DIBISMUTHOUS BISULPHIDE. 

{|}|:;,or'Bi".8V 

Molecular weight =480. Sp. gr, 7'3. 

Preparation. — By fusing bismuth and sulphur together in 
the proper proportions. 



BISMUTHOUS SULPHIDE. 

Bi^S'V 
Molecular weight =512. Sp. gr, 6*4. 

Occurrence. — As the rare mineral biemuth glance. 

Preparation. — 1. By fusing sulphur and bismuth in the 
proper proportions. 

2. By precipitating bismuth solutions by sulphuretted hy- 
drogen : — 

2BiCl, + 3SH, = Bi,S"3 + 6HC1. 

Bumuthoofl Bnlphoretted Bumutboiu Hydroehlorio 

ohloride. hydrogen. Bolphide. add. 
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^Beaetian, — ^This compound is not dissolTedbj alkaline hydrates 
or sulpbhydrates. 

A few sulphobismuthites are found in nature : — 

Kobellite. Sulphoplumbic eulphohismuthite Bi^Pbs",. 
Needle ore. Disulphoplumbico-cupraus l 

sulphobismuthite | Bi,Pb8 .(Cu,SJ . 



BISMXrEHOVS DITELLXTBO-SULPHIDE. 

Bi,Te",S", 
Sp. gr, 7-5 to 78. 

Occurrence. — In nature, as telluric bismuth or tetradymite. 



CHAPTER XVII. 

MOITAD ELBlfEirrS. 

Sectiok in. 

POTASSIUM, K,. 

Atomic weight s89. Probable molecular weight s78. Sp, gr, 
0*865. Fuses at 55°. Boils at a low red heat. Atomicity '. 
Evidence of atomicity: — 

Potassic chloride KCl. 

Potassic iodide KI. 

Potassic hydrate B^Ho. 

Potassic sulphide S£,. 

Occurrence. — In rocks in the form of silicate, and in soils 
partly as carbonate. As chloride in solid saline deposits. 

H 
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In the juices of almost all plants, generally in combination 
with organic acids. 

In sea-water and in most mineral waters. 

Preparation, — 1. By the action of a powerful voltaic current 
upon potassic hydrate, when potassium and hydrogen are libe- 
rated at the negatiye pole : — 

20KH « K, + H, + O,. 

Fotanio 
hjdrata. 

2. By submitting potassic hydrate to the action of metallic 
iron at a strong white heat : — 
40KH + 3Fe = »^(Pe,)^0, + 2K, + 2H,. 

PotMsio ICagnetio iron 

hydxmte. oxide. 

8. By igniting hydric potassic tartrate (cream of tartar) out 
of contact with air, and subsequently mixing the residue, con- 
sisting of potassic carbonate and carbon, with charcoal, and 
distilling at a very high temperature : — 
First operation : 

+ 3C. 



rcoKo 










CHHo 
CHHo "^ 


COKOj, + 


60H, 


+ 


4CO 


^COHo 










Hydrio 


Potaasio 


Water. 




Carbonio 


potamio 


oarbonate. 






oxide. 


tartrate. 












Second operation :— 






COKo, 


-h 20 = 


= 3C0 


+ 


K.- 


Fotaaaio 




Carbonic 






oarbonate. 




oxide. 







Meaetiofu, — 1. Potassium decomposes water at the common 
temperature with great energy, the heat evolved being suffi- 
cient to cause the ignition of the liberated hydrogen : — 
K, + 20H, « 2KHo -f H,. 

Water. Foteaae 

hydnto. 

2. When potassium is ignited in a stream of carbonic anhy- 
dride, a portion of the latter is decomposed : — 

2K, + 3C0, = 2COKo, -f C. 

Carbonic Potaaaio 

anhydride. carbonate. 
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COMPOUNDS OF POTASSIUM WITH CHLORINE, 
BROMINE, IODINE, AND FLUORINE. 

Fotassic chloride KCl. 

Potassic bromide KBr. 

FotasBic iodide KL 

Potaasic fluoride KP. 

Potagtie iodide is prepared by digesting iron filings, water, 
and iodine together, filtering the colourless solution, and pre- 
cipitating the iron by potasaic carbonate : — 

Pe + I, = Pel.; 

FeiToua 
iodide. 

Pel, + COKo, o. 2KI + COPeo". 

FcfToiif Potaario Potaano Feirons 

oarbonate. iodide. oarbonato. 



J 

^ 



COMPOUND OF POTASSIUM WITH HTDROXTL. 

POTASSIC HTDRATE, Catuti4: Potash, Potash. 
KHo, or OKH. 
Preparation. — 1. By boiling in an iron vessel a solution of 
potaasic carbonate with c&lcic hydrate : — 



COKo, 


+ 


CaHo, 


= 2KHo 


+ 


COCao" 


Fotaaaie 




Calde 


Fotaanc 




Calde 


oarbonate. 




hydrate. 


hydrate. 







2. By the action of potassium upon water (see p. 146). 
Reactions. — ^By contact with acids potaasic hydrate produces 
potassium salts : — 

KHo + HCl = KCl + OH,: 

Potaado Hydroohlorio Potaado Water, 

hydrate. add. diloride. 



KHo + SO3H0, = SO3H0K0 + OH,: 

Potaado Balphorio Hydric potaado Water, 

hydrate. aoid. anlphate. 

2KHo + SO,Ho, = SO,Ko, + 20H,. 

Solphiirie ' Potaado Water. 

h2 



hydrate. 



[S POTA88IC OXIDE. 




COMPOUin)S OF POTASSIUM WITH OXYGEN. 


Potassic oxide OK,. 


0-0-0 


f OK 

PotasBiC dioxide • qj-. 


0-0-0-0 


Potassic tetroxide ^ 


fOK 


• 
OK 






(o\ 




® 


POTASSIC OXIDE. 




OK,. 




Preparation. — 1. By heating potassic hydrate with potaa- 



Slum : — 

2KHo + Z, - 20K, + H,. 

Poteasio PotMsio 

hydnte. oxicle. 

2. Bj fusing togetHer, in a current of nitrogen, potassic 
peroxide and potassium : — 

K,0^ + 8K, = 40K,. 

PotaMlO PotBMlO 

peroxide. ocdde. 



POTASSIC DIOXIDE. 

K,0,. 

Preparation. — Obtained by the action of w)ater on potassic 
peroxide. 
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POTASSIC TETBOZIDE, Potaasie Peroxide. 
Preparation. — Bj fusing potassium in a current of oxygen. 



COMPOUND OF POTASSIUM WITH HYDR08ULPHYL. 

POTASSIC SULFHHTDBATE. 
KHs. 
Preparation, — By saturating potassic hydrate with sulphu- 
retted hydrogen: — 

KHo + SH, == KHs + OH,. 

PotMno Sulphuretted Potawio Water, 

hjdrste. hjdrogcfO. lalphhydrate. 



COMPOUNDS OF POTASSIUM WITH SULPHUR. 
The following have heen obtained : — 

Dipotassic sulphide SK,. ®~K5""{f) 

Dipotassic disulphide ... K^S,. ©~0-©-0 

Dipotassic trisulphide... K,8,. 0-0-0-0-0 
Dipotassictetrasulphide. K^S^. 0-0-0-0-0-0 

Dipotassic I 

hept«ui- .... KA? ©hSh3KD-©hSKl)-©-® 

phide .... 

DIPOTASSIC SXTLPHIDE. 

SK,. 

Preparation. — 1. By the action of potassic hydrate on potassic 
sulphhydrate : — 

KHo + KHs = SK, + OH,. 

Potaano Poteasio Dipotaaaio Water, 

hjdnte. aolphhydrate. lolphide. 
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2. By igniting potassic sulphate with hydrogen op carbon:— 
SO,Ko, + 4H, = SK, + 40H,. 

Potaado Dipotudo Water. 

■olphate. tnlphide. 

Iteactions of dipotassie fulphide and the higher potaesie tut- 
phides : — 1. By heating dipotassic sulphide with the necessary 
quantities of sulphur, it forms the higher potassic sulphides. 

2. The potassic sulphhydrate and dipotassic sulphide, when 
acted upon by acids, yield sulphuretted hydrogen : — 
KHs + HCl = KCl SH,. . 

PotMsio Hjdroohlorio Poteaaio Balphvretted 

■olphhTdnie. mmL ehknidtk hycUragen. 

SK, + 2HC1 « 2KC1 + SHy 

BipoteMio HTdroohlorio PotMsio Snlphurelited 

■alphide. add. ekkrida hjdftogen. 

8. The higher potassic sulphides, similarly treated, yield sul- 
phuretted hydrogen and a precipitate of sulphur: — 

KA + 2HC1 = 2KC1 + Sfl, + S,. 

DipoUano Hydrochlorio Potasdo Solpliaretted 

teiinlphido. add. dUoride. hydrogen. 

4. A mixture of the higher potassic sulphides and potassic 
hyposulphite, known under the name of hepar tulphurie or litfer 
of sulphur, may be prepared by heating potassic carbonate with 
sulphur : — 

BCOKo, + 48, « 2KA + SS"OKo, + 8C0,; 

Potaadc IMpotaano Potaado Oubonic 

carbonate. trinilphide. hypomlphite: aahjdndeu 

SCOKo, + 68, = 2K,S. + SS"OKo, + SCO.. 

Potaado INpotaasio Potaado Ovbonit 

oarbonate. pentaoolpliide. bjpaaalphite. anhydride. 

5. The last mixture, when acted upon by acids, suffers suc- 
cessively the following decompositions : — 

2KA + SS"OKo, + 6Ha = 6KC1 

Bipotaasio Potaado Hydroohlorio Potaado 

pentaoolphide. hypooulphite. add. diloride. 



+ SS"OHo, + 2SH, + 4S,; 

9nlphnretted 
hydrogen. 



HypoanlphnroiiB Bnlphnretted 



then 

SS"OHo, = so. + S + OH,. 

HypomlpharooB Snlpharons Watxw. 

aad. nnbydride. 
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POTASSIC CABBOKATE. 

COKo,. 

I^'eparation, — 1. Bj lixiviating the aslies of land-plants. 
2. Bj burning Hydric potassic tartrate in a current of air. 



SODIUM, Na,. 

Atomic weight =2^. Probable fnoleeulartcei^hi ^4i6. Bp,gr, 
0-97. Fuset at 90''. Both at a red heat. Atomicity '. 
Evidence of atomicity : — 

Sodic chloride NaCl. 

Sodic hydrate ONaH. 

Sodic oxide ONa,. 

Occurrence. — In nature in the form of chloride. In sea-water 
and most springs. As silicate in several minerals. 

Preparation. — 1. By electroiyzing sodic hydrate. 

2. By acting upon sodic hydrate with metallic iron at a 
strong white heat. 

Manufacture. — By distilling in an iron retort a mixture of 
sodic carbonate and charcoal :• — 

CONao, 4- 20 = Na^ -f SCO. 

Sodio Garbonie 

oarboiiate. oxide. 

Beactions. — Similar to those of potassium, but less energetic. 
The compounds of sodium very much resemble those of po- 
tassium. 

SODIC CABBOKATE. 

CONaOy 

Manttfacture. — 1. Formerly by the liziviation of the ashes 
of marfne plants. 
2. By Leblanc's process, which consists in first transforming 
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Bodic chloride into sodic sulphate by the action of sulphuric 
acid: — 

2NaCl + SO^ffo, « 2HC1 + SO^^ao^ 

Sodio Bolphnrio HydroohJUnio Bodio 

ohloride. aoid. acid. 



The sodic sulphate (technically termed salt cake) is next 
heated with calcic carbonate and small coal. The carbon re- 
duces the sodic sulphate to sulphide, and the calcic carbonate 
transforms the sodic sulphide into sodic carbonate, insoluble 
calcic oxysulphide being simultaneously produced : — 

5SO,Nao, -h 20C ^ 6SNa, + 20CO; 

Sodio Bodio Oarbonie 

■olphate. ■alphide. oxide. 

6SNa, + 700Cao" = SCONao, 

Sodio Caloic • Sodio 

■alphide. earbonate. carbonate. 

+ 5CaS",2CaO + 2C0,. 

Caldo ozynxlphide. Carbonic 

ftDhTdride. 

The sodic carbonate, commonly called soda ash, is obtained 
by the extraction of the resulting mass with water. 



LITHIUM, Li,. 

Atomie weight =7. Probable molecular weight =14. Sp, gr. 
=:0-69. Fuses at 180°. Atomicitg '. Evidence of ato- 
micity : — 

Lithic chloride LiCl. 

Lithic hydrate (Lithia) OLiH. 

Occurrence. — In nature, in the minerals petalite, spodumene, 
lepidolite, and triphylline, and in small quantities in some 
mineral waters and ashes of plants. 

The properties of lithium resemble those of potassium and 
sodium ; and the compounds of the three metals also exhibit 
considerable similarity. 
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CJESIUM and BUBIDIini. 

The compounds of the two metals G»sium (Cs=138) and 
rubidium (Ebs85*5), which have been recently discoyered, 
closelj resemble those of potassium and sodium. 



Sbctiok IV. 
THALLIUM, Tl,. 

Atomic weight =204. Prohabh molecular weight aaB4i08. 8p, 
^.11-81 to 11*&1. Fusbsatb^W Jiomicity' and perhaps'", 
^hidence of atomicity :— 

ThalUc chloride TICL 

Thallic oxide OTl,. 

Thallic perchloride WCl,? 

Occurrence. — In small quantities in certain varieties of py- 
rites, and in minute quantities in some mineral springs. 

Preparation, — By extracting with water the deposit formed 
in the flues of sulphuric acid-chambers, and precipitating the 
thallium by hydrochloric acid. The chloride is converted into 
sulphate by the action of sulphuric acid ; and when purified, a 
solution of the sulphate is decomposed by metallic zinc, which 
precipitates the metallic thallium. 

The following list contains the principal eompounds of this 
metal : — 

Thallic chloride Tia. ' 

Thallic perchloride TICl,? 

Thallic oxide OTl,. 

fOTl 
Thallic peroxide xO ? 

[on 

Thallic sulphide STl,. 

Thallic nitrate NO^Tlo. 

Thallic sulphate SO.Tlo,. 

Thallie carbonate COTlOj,. 

h5 
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Two other componndB of thallium with chlorine have also 
been described, but they have not yet been completely inyeati- 
gated. 

SILYEB, Ag,. 
Atomic weight =108. Probable molecular weight =216. 8p. 
gr. 10-4743. Fmef at about 1000^. Atomicity '. Evi- 
dence of atomicity : — 

Argentic chloride AgCL 

Argentic iodide AgL 

Argentic oxide O-^a* 

Occurrence* — ^In nature in the free state, and as sulphide 
in eilver glance i as sulphantimonite in dark-red silver-ore 
(see p. 137), as chloride in horn-silvery as a compound of bro- 
mide and chloride (2AgBr, 3AgCl) in embolite, and also as 
carbonate. 

Extraction. — 1. The silver minerals are roasted with sodic 
chloride, by which the metal is conyerted into chloride ; the 
mass is then mixed with water, scn^ iron, and mercury, and 
agitated for some hours. The iron reduces the argentic chlo- 
ride to the metallic state, and the silyer is then dissolred bj 
the mercury. 

2. By crystallizing argentiferous lead. JSTearly pure lead \a 
first deposited, and the residue rich in silver is then cupelled. 

Beactions, — 1. Silver is blackened by sulphuretted hydrogen, 
argentic sulphide being formed. 

2. Silver is acted upon by hot concentrated sulphuric acid :— 

Ag, + 2SO,Ho, « 80,Ago. + 20H, + SO,. 

Silphorlo Aigentio Water. Snlphnrou 

add. KdphAto. aBhydride. 



B. Nitric acid readily dissolves silver 
Ag, + 8NO,Ho - 6NO,Ago 4 

Ifitrio Inmtio 

Msid. Bi&ato. 

4« At a red heat silver decomposes hydrochloric add: 



8Ag, + 8NO,Ho - 6NO,Ago + 40H, + TT'.O,. 

Ifitrio Inmtio Watv. Hitrie 

acid. Bi&ato. 



BAUUM. 1&5 

Afo + 2HC1 = H, + 2Aga. 

Hjdioohlorio Aiyentio 

acid. objtoride. 

There are tliree compoundfl of silver with oxygen : — 

Argentous oxide O-A^r 

Argentic oxide OAg^. 

Argentic peroxide -j q a ^' 

Argentous oxide is prepared by heating argentic citrate to 
100° in a stream of hydrogen, dissolving the residue, which 
contains argentous citrate, in cold water, and precipitating the 
argentous oxide by potassic hydrate. 

Argentic oxide is formed by precipitating argentic nitrate 
with a solution of baric hydrate, and drying the precipitate, 
which is probably argentic hydrate, AgHo. This is the salifi- 
able oxide of silver. 

Argentic peroxide is obtained by electrolyzing a solution of 
argentic nitrate, when it is deposited upon the positive pole. 

Argentic chloride, bromide, and iodide are insoluble in water 
and nitric add. 



CHAPTER XVIIL 



DYAD BLBMBITTS. 

Sectioit II. 
BABXinCyBa. 
Aiamie weigU »137. Frobahh moleeuUnr weigU b137. Sp. 
yr. hetween 4*0 and 5'0. Fuses helow a red heaC. Jtamieity "• 
^Evidence of atomicity : — 

Baric chloride Ba^Cl, 

Baric hydrate Ba"Ho,. 

Bane oxide Ba"0, 
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Occurrence, — In nature in the form of Bulpbate in the 
mineral heavy spar, and as carbonate (COBao") in mtherite. 

Preparation, — 1. By electroljzing moistened baric hydrate, 
carbonate, nitrate, or chloride, the negative electrode being 
mercury. An amalgam of barium is thus formed, from which 
the mercury is removed by distillation. 

2. By parsing the vapour of potassium or sodium over baric 
oxide strongly heated in an iron tube, and extracting the metal 
by means of mercury. 

3. By acting upon a solution of baric chloride with sodium 
amalgam, barium amalgam is produced. 

Reaction. — ^Barium decomposes water at the common tem- 
perature : — 

Ba + 20H, = H, + BaHo,. 

Water. Bftrie 

hjdrate. 



COMPOUNDS OF BARIUM WITH OXYGEN. 
Baric oxide BaO. ©=0 



Baric peroxide ^^O i 



Sl.fiir 




BAETTA, Baric Oxide, 

BaO. 

Preparation. — I. By converting the native carbonate into 
nitrate by the action of nitric acid, and then heating the nitrate 
to redness in an iron crucible : — 



BA.RTTA. 
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OBao" + 2NO,Ho - 

Buio Kitrieuid. 
riwnate*. 


Bao'' + OH, 
NO, 

Bario Water. 

nitrate t. 


+ CO,; 

Carbonio 
anhydride. 


fNO, 
2- Bao'' »= 2BaO + 2^,0^ + 
NO, 

Buie Batio Nitrio 
Bteato. cndd«. peroxide. 


0, 



2. The nitrate may be obtained from native baric sulphate 
by mixing the latter with charcoal and heating the mixture to 
a high red heat, by which the sulphate is converted into sul- 
phide — 



SO,Bao" 

Bario 
ralphatej. 



+ c. 



BaS" 

Bario 
mlphide. 



4C0; 

Cari>onio 
oxide. 



the residue is then treated with dilute nitric acid, when baric 
nitrate is formed. 

JSsactian. — In contact with water, baric oxide is converted, 
with great evolution of heat, into baric hydrate : — 

BaO + OH, s BaHo,. 

Bario Water. Bario 

oxide. hjdrate. 



© 
■©=©()© 

© 
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BABIC FEBOXIDE. 

»-8}- 

Preparation, — 1. By passmg oxygen over baric oxide op baric 
hydrate heated to dull redness : — 



2BaO 


+ 0. 


-^"•8} 


• 




Bario 
oxide. 




^ J 
Bario 
perande. 






.2BaHo, + 


0. = 


2Bag} + 

Bario 
peroxide. 


20H,. 




Buio 
hjdrato. 




Witor. 




2, By heatmg baric oxide to redness in a crucible and 
dually adding potassic chlorate : — 


gra- 


8BaO + G10,Ko ■■ 


« KCl + 


3B.g}. 

Btrio 




Buie 


Poteino 


Poteaeio 





oodde. ehlorate. ohloade. peiyndde. 

SeacHons, — 1. By the action of heat it splits into baric 



oxide and oxygen : — 

2Bag} « 2BaO + O,. 



Bario Bario 

peroxida. oxide. 



2. By treatment with steam at the same temperature at 
which the peroxide was preyiously formed, it produces baric 
hydrate and oxygen : — 

2Bag| + 20H, « 2BaHo. + O,. 



Water. Bario 

peroxide. bTdzate. 



8. By the action of acids upon baric peroxide, hydroxyl is 
formed (p. 44). 
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COMPOUND OF BARIUM WITH HYDROXTL. 

BASIC HYDBATE, CausHc Baryta. 
BaHo,. 

^reparaHan. — 1. By the action of water on baric oxide 
(p. 167). 

2. 3y boiling in water, with cupric oxide, the mass con- 
taining baric sulphide, prepared hj reducing baric sulphate 
with carbon : — 

BaS" + CnO + OH, = BaHo, + CuS". 

Banc Caprio Water. Bario Cnprio 

sulphide. oxide. hjdrate. snlimide. 

Barium salts are formed by the action of acids upon baric 
hydrate, carbonate, or oxide. 



DIHTDBIC BABIC DISULPHATE. 



f 



SO.Ho 
Bao" . 
SO,Ho 



<a* 




This compound is formed by boiling baric sulphate in con- 
centrated sulphuric acid, when the salt crystallizes on cooling. 



STBONnUK, Sr. 
Aiomie weight = 87-6, Probable molecular weight «87'5. 
8p. gr, 2*5. Ikuee at a higher temperature than barium. 
Mamieity "• Evidence qf atomicity ; — 

Strontic chloride Br"C],, 

Strontic hydrate Sr"Ho,, 

Strontic oxide 8r"0< 
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Occurrence, — In the form of carbonate as the mineral ftron- 
tianite, and as sulphate in celestine. 

Preparation, — 1. Bj the same methods as those employed 
in the preparation of barium. 

2. B7 electrolyzing fused strontic chloride. 

Character, — The compounds of strontium resemble those of 
barium in constitution, preparation, and properties. 

The strontic peroxide can only be prepared by adding hy- 
droxyl to a solution of strontic hydrate : — 

SrHo, + Ho, = S'o} + ^®^»- 

Strontio HjdrozyL Strontao Wster. 

hjdnite. peroxide. 

Strontic carbonate is more easily decomposed by heat than 
baric carbonate. 



CALCIUM, Ca. 

Atomic weight =40. Probable molecular weight =40. Sp.gr. 
1'6. Atomicity", Evidence of atomicity i — 

Calcic, chloride Ca"Cl,. 

Calcic hydrate Ca^Ho,. 

Calcic oxide Ca"0. 

Occurrence, — In nature as carbonate in the numerous eale 
sparSf chalk, marble, &c. ; as tetrahydric calcic sulphate 
(SHo^Cao'') in gypsum, alabaster, selenite, &c. ; as phosphate 
in apatite and phosphorite (see p. 119); as fluoride in the^vor 
spars (see p. 96), and in combination with silicon, oxygen, and 
other metals in numerous minerals. 

Preparation, — 1. By processes similar to those employed for 
the preparation of barium and strontium. 

2. By fusing together, sodium,, zinc, and calcic chloride, 
and subsequently heating the alloy of calcium and zinc so 
obtained, to a very Wgb. temperature, in a crucible of gas-car- 
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bon, when the zinc volatilizes, leaving the calcium, which con- 
tains, however, a small quantity of iron. 

Character. — The compounds of calcium resemble those of 
barium and strontium. 

Calcic oxide or quicklime (CaO) is manufactured on a large 
scale by burning coal intermixed with chalk or limestone, when 
carbonic anhydride is easily expelled from the chalk or lime- 
stone, leaving calcic oxide. 

Calcic hydrate or slaked lime (CaHo,) is formed by the action 
of wat€r upon calcic oxide ; it is much less soluble in water 
than the baric and strontic hydrates. 

Calcic peroxide 1 09i^ \)v& prepared like the corresponding 

strontium compound. 

By passing chlorine over calcic hydrate, a compound known 
as chloride of lime or hleaching-fowder is formed. This has been 
supposed to consist of calcic chloride mixed with calcic hypo- 
chlorite, but it is more probably calcic chloro-hypochlorite, as 
expressed by the following formula : — 

Oa(OCl)Cl. @--@-(oy® 
The corresponding baric and strontic chloro-hypochlorites 

Ba^j^ and Bt^^\ are known. 

Barium, strontium, and calcium all form soluble dihydric 
dicarbonates : — 




They are produced by passing an excess of carbonic anhy- 
dride through solutions of baric, strontic, and calcic hydrates. 
The compounds are decomposed at 100°, carbonic anhydride 
being evolved and carbonates precipitated : — 

fCOHo 

^Cao" = OOCao" + OH, + CO,. 

'COHo 

Dflijdrio caldo Caldo Water. Carbonio 

dicarbonate. carbonate. anhjdride. 
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KAOITESIUII, Mg. 

Atomic weight =24. Probable molecular weight =24. Sp.gr. 
1*75. Fuses at a red heat. Volatilizes at a hright-red heat. 
Atomicity ", Evidence ofatomicitg : — 

Magnesic chloride Mg"Cl,. 

Magnesic oxide Mg"0. 

Magnesic hydrate Mg^'Ho,. 

Occurrence, — In Dature in dolomite, the calcic magnesic di- 
carbonate, 




§gcao"Mgo" 

in hrudte or magnesic hydrate, MgHo^ and in many minerals 
containing silicon. 

Preparation. — 1. By electrolyzing fused magn^esic chloride. 

2. By fusing a mixture of magnesic chloride, potassic chlo- 
ride, and sodium. 

Beactions, — 1. It very slowly decomposes water at the ordi- 
nary temperature, but more rapidly at a boiling heat. 

2. It readily bums when heated to redness in the air. 

Character. — Magnesium only forms one compound with oxy- 
gen, BKgO, magnesia. It is obtained by burning magnesium 
in air, or by heating the carbonate to redness. 

Magnesic hydrate (MgHo,) is formed by the action of water 
upon magnesic oxide, or by precipitating magnesic sulphate by 
potassic hydrate : — 

SO,Mgo" + 20KH = SO,Ko, + MgHo,- 

Mogneflio Potaario Poteade Macneaie 

sulphate. liydnte. nilphiifce. lijdnte. 

It scarcely dissolves in water. 

Crystallized magnesic sulphate (SOHo^Mgo", GOH,) is pre- 
pared by treating dolomite^ the magnesic calcic dicarbonate, with 
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sulpliiiric acid, filtering from the nearly insoluble calcic sul- 
phate, and crystallizing : — 

CQCiu>"Mgo" + 2SO,Ho, = SOHo.Cao" + SOHo,Mgo" 

Bokimite, oaldo Snlphnrio Dihydrio oaloio Dih jdrio magiiMio 

magneno dioBrboDst^ said. snlphate. lolphate. 

+ 200, 

CArbonJo 
•ohydride. 

Magnesic sulphate is yery soluble in water, thus differing 
from the baric, strontic, and calcic sulphates. 

Magnesic sulphate, when mixed with potassic or ammonic 
sulphate, forms a disulphate, as, for instance, 



JOipotMBo magneao 




Many magnesic phosphates are known. 
Diammonic dimagnesic diphosphate, 



POAmoT^^.^^,, 
POAmo^^'' ^ 



occurs in the seeds of some of the cereals, and sometimes in 
urine, and in the form of calculi: it is found in nature as 
gttaniie and struvite. 

Magnenc carbonate (OOMgo") is found in nature as mag- 
nesite. 
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KAGNESIA ALBA, Tetrahydrie tetramagttene frieorbonate. 

"CHo, 

0,Mgo",Ho^ or -< O , 
Meo". 




This compound^ is formed by boiling a solution of magnesic 
sulphate with sodic carbonate (Berzelius) : — 

4SO,Mgo" + 4CONao, + 20H, «= C.Mgo'^Ho, 

Magneaio Bulphato. Bodio oarbonate. Water. Magnettaalba. 

+ 4«0,Nao, + CO,. 

Bodio solphate. Carbonio 

anhjdride. 



ZINC, Zn. 

Atomic weight =65. Molecular weight =65. Molecular and 
atomic volume \ I 1 . 1 litre of zinc vapour weighs 32-5 
eriths. Sp. gr, 6-8 to 7*2. I^%e9 at 500°. JHstiXs at a 
red heat. Atomicity ", Evidence ofatomicitg: — 

Zincic chloride Zn"Cl,. 

Zincic oxide Zn"0. 

Zincic hydrate Zn"Ho,. 

Occurrence. — ^In nature as oxide (ZnO) in red zincy as 
sulphide (SSnS") in the mineral zinc blende, carbonate (COZno") 
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in calamine^ and as silicate in electric calamine^ tDtUiamite, 
or zinc glass. 

Manufacture, — Zinc blende or calamine is roasted in a 
current of air, whereby it is converted into zincic oxide : — 

COZno" = ZnO + CO,. 

Zindo carbo- Zipoie Carbonio 

nato (calamine). 0]dde. asliTdride. 

2ZnS" + 80, =: 2ZnO + 280,. 

Zinoic sulphide Zindo oxide. Solphiuroiii 

(Zine blende). aohydrid^ 

The roasted and powdered mineral is then heated with pow- 
dered coal, when the zinc is reduced and distils over: — 

ZnO + C = Zn + CO. 

Zindo Carbonio 

oyiHy, oxide. 

Reactions, — 1. It slowly decomposes aqueous vapour at 100^: — 
OH, + Zn = ZnO + H,. 

Water. Zincic oxide. 

2. Zinc is attacked by almost eveiy acid at the common 
temperature. 

3. When boiled in potassic, sodic, or even ammonic hydrate, 
hydrogen is evolved, and a mixed oxide formed : — 

20KH + Zn = ZnKo, + H,. 

Potaano DipoCaamo 

hjdrate. sindo oxide. 



COMPOUND OF ZINC WITH OXYGEN. 

ZINCIC OXIDE. 
ZnO. 

Preparation. — 1. Zincic oxide is obtained by bumingzinc in air. 

2. By passing steam over heated zinc. 

3. By heating the precipitate formed by ammonic carbonate 
in solutions of zinc salts. 



166 COMPOUNDS OF KING. 

OTHEB COMTOUITDS OF ZHTC. 

Zineie hydrate (ZnHoJ is obtained as a wlute precipitate 
by the action of potassic hydrate on solutions of zinc salts : — 
SO,Zno" + 20KH: = ZnHo, + SO^Ko^ 

Zindo sulphate. Potemo Zmoic PotaMic 

bjdnte. hydrate. sulphate. 

The precipitate is dissolved by excess of potassic hydrate. 
Crystallized zineie sulphate is isomorphous with crystallized 
magnesic sulphate, and contains seven molecules of water, six of 
which are easily expelled at a moderate heat, the last only being 
driven off at a somewhat high temperature. It also resembles 
magnesic sulphate in forming double salts with potassic and 
ammonic sulphates : — 
Zincic sulphate (crystallized) SOHoJZno", BOH^ 

fSO,Ko 
Dipotassic zincic disulphate (crystallized) •< Zno" , COH^ 

(S0,K0 

Zincic earbofuUe (COZno") occurs in nature as calamine. 
The precipitate obtained by adding a solution of sodic car- 
bonate to a solution of a salt of zinc has a variable constitution. 
The reaction usually takes place thus : — 

fCHo(OZn"Ho), 
5SO,Zno" + 500Nao, + 30H, = \ Zno" 

lCHe(OZn'eo)^ 

Zindo sulphate. Sodio oaitraoate. Water. Dihjdno pentacincie 

dioartxHiate totirahydnte *. 

+ 6SO,Nao, + 3C0,. 

Sodic sulphate. Carbonic anhjdride. 
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CHAPTER XIX. 
dyad elements. 

Section IV. 
GADmnM, Cd. 

AionUe weight «112. Molecvlar weight b112. lijoleeulait 
and atomic volume \ I J . 1 litre qf cadmium vapour toeighe 
56crithe. S^.gr. S'7. Fuses below 2W. Easily volatile. 
Atomicity ". Evidence qf atomicity : — 

Cadmic chloride Od^Cl,. 

Cadmic oxide Od"0. 

Occurrence. — ^In nature in small quantities, associated with 
zinc ; and in the form of sulphide as greenoekite. 

JPreparation. — Bj distilling fractionally the more volatile part 
of the metal obtained in the mannfitcture of zinc, and then 
dissolving this more volatile product (which consists of 
zinc, cadmium, and a little copper) in hydrochloric or dilute 
sulphuric acid, precipitating the cadmium and copper with 
sulphuretted hydrogen, dissolving the mixed sulphides in 
dilute sulphuric acid, and adding an excess of solution of 
ammonic carbonate, which precipitates both cadmium and 
copper, but redissolves the latter. The cadmic carbonate is 
then ignited, and the resulting oxide reduced by charcoal 

Cadmic oxide (CdO) is prepared by heating the hydrate, 
carbonate, or nitrate. 

Cadmic hydrate (CdHo,) is obtained by precipitating a solu- 
tion of a cadmic salt by sodic or potassic hydrate. 

Cadmic sulphate (SOaCdo^'y^OH,) is obtained by dissolving 
cadmic oxide or carbonate in sidphuric acid. By heating 
this compound, or by partially decomposing it with alkaline 
hydrates, it is transformed into 

Dicadmic sulphate dihydrate SO,(OCd"Ho)j 
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HEBCUET, Hg. 
Atomic weight =200. Molecular weight =200. Moleetdar 
and atomic volume rn . 1 litre of mercury vapour weight 
lOOcriths. 8p.gr. IZ'&Q, Fuses at --4^'. Boils at 2l&f. 
Atomicity ", also a pseudo-monad. 

The following list contaiiiB the principal compounds of this 
• metal : — 

MercnrouB chloride 







[ercnrouB chloride 1 rmw^ r^t ^, f HgCl ^^->, >-^ ^^^ ^^ 

Mercuric chloride ... HgGl,. 

MercurouB oxide 'Hg'aO, or | jS 0« 

Mercuric oxide HgO. 

Mercurous sulphide. . Wg'.S^or { h|s". 

Mercuric sulphide 1 

(vermilion, cinna- [ HgS". 

*«r) J 

Mercurous sulphate, . SO^Hg^o". 



Mercuric sulphate ... SOjHgo". 



Trimercuric sulphate! ott^q" 
{Turpeth mineral), i *' 
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Tetrahjdric mercurons dinitrate . . . N,OaHo^Hg,o". 

fNOHg,o" 
DimercnroTiB dinitrate... < O 

iNOHg.o" 

Hexahydpic trimepcn-j NAHo,Hg,o".. 
poustetranitrate ... J * * « e* . 

Mepcurous dimercuricl iKr mx^ vtt^^" 
dinitr»te I ''.O^g.^ ^go .. 

Tetrahydric mercuric 1 wq^oHbo" 
dinitrate J » «" « 8 • 

Tetrahydric dimercu-l j,oHo.Hgo'' 
pic dinitrate J 

Dihydric trimercuricl wOHo,Hgo'' 
dinitrate J 

© 0-® 
/ \ / \ 

Trimercuric carbonate... CHgo"(Hg",0,)". @ © © 

Tetramercuric carbonate. CHgo"(Hg",OJ". 

}^ ©HgHo^ 

Mepcuposodiammonic 'I NH,ClHgl 

dichlopide J NH,ClHg/ • 

I 
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Mercurosomercurodi- | ja tT/»"tt 'TTV ci 



dj- I N,Hg"H;HgV 
ide. J 



ammonic dicbloride. 

Mercurammonic chlo- \ 

ride. (White preci-[ NH,Hg"Cl. 
pitate.) J 



Trimercuric diamide . . . N^Hg",. 




-@^ 



COPPER, Cu. 

Atomic weight ^^^^'6, Frohahle molecular weight =6^5. 8p.gr. 

► 8-8. Fuses at about 780°. Atomicity "; also a pseudo-monad. 

The following are the principal compounds of this metal : — 

Cuprous hydride {cS* ©"©-0-0 

Cuprous chloride 'Cu'^Cl, or jg^g. 0-0-<gHg 

Cupric chloride CuCl^, 20H,. ®-0-® 

fCuHo 

Cuprous hydrate, 4i'Cu\0, OH,, or 1 Cu^ 

g^ 

ICnHo 

[ o )~(^"}^*"") — ( ^ 3'~C^"J — [P^) — C^^v — C^'0~v'^'0~\^ J — {P^) — C*'"^ — C ® ] 

(H, @ 
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Cupric hydrate CnHo,. ©-©-©-©-0 



CuprooB qnadrantoxide. 



Cut ,„ , ,„ 

Cu"V- 




© 



Cuprous oxide. (Sed^ ^r^ 

copper ore, or n*^ I 'Cn',0 or j gjjo. Y^© 

Cupric oxide CuO. ©=0 

Cuprous sulphide. | ,^. , f Cn^. 

iCdpper glance.) ... } °^.S or { ^^S '. 

Cupric sulphide. (i«-^ 

c%<? capper or 5^1^ I Cu8". 

e&pper.) J 

^CuHo 



Cupric sulpho-hydrate. . 6CuS", OuHo,, or ^ 



Cu" 

S" 

Cu" 

S" 

Cu" 




© 
Cupric nitrate 

Dihjdriccupric sulphate SOHo.Cuo", 40H^. 

Hjdric tricupric sul-l «^*x ^^r^ „^ 
phatetrih/drate...} SOHo(OCu"Ho).. 



5g;Cuo",40H,.or^«;Cuo". 



i2 
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Dihydric tetracupric ^ 

sulphate tetrahy- I SH:o3(OCu"Ho),. 
drate. (Brochantite.) J 

(^ (p 

(5H2M5)-®^(fk°>-©H3-0 

/© 
© 
© 

Hydric pentacuprici 

sulphate pentahy- X SHo(OCu"Ho)„20H,. 

drate J 

Ammoniocupric sul- ^ 

phate. iDihydric[ SHo^oJ^Scn-O.T 

ammonic iulphate.) J 

DipotasHic cupric disul- I ^ ^„ 
V^^^ lsO,Ko 

Dicupric carbonate. 1 nCuo " 
(Mi/8orin.) j * 

Dicupric carbonate di- 1 CO fO Cu"Ho'i 
hydrate. (Malachite.) J * 
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Dihjdric tricupric dicar- 
bonate. (Blue malachite, 
azurite^ moy/ntain-hhte 
or copper-azwe,) 



fCHoCuo" 

\ Cuo" 

t CHoCuo" 




Cuprodiammonic carbo-i 
nate, (Anmonioeuprie I CO rS!^*Cu"0 J ". 



carbonate,) 



© © 

(Cn) CctzToJ 



Hydric cupric smcatej siOHo(OCu"Ho). 
hydrate. (IHoptase,) J 

(5H2)-€Ho>4-<o)-0 
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CHAPTER XX. 

TBIAD ELBMEirrS. 

Seotiok II. 

GOLD, An,. 

Atomic weight s L96'7. Frohable molecular weight =393*4. Sp. 
gr, 19-3 to 19-6. Fuee^ at about 1100P-1200°. AJUmi- 
city ' and '". 

The following are the names and formulsB of the chief com- 
pounds of gold : — 



Aurous chloride AuGl. 



(SKs) 



(Cl) 



Auric chloride And,. @ 

Aurous iodide Aol. 

Auric iodide AnI,. 

xiurous oxide Au^O. ©~®"® 



Auric oxide. {Awric anhy^ 
dride.) 



fAuO 



Potassic aurate AuOKo,30H,. 0==<£)-(oV(k) 

Aurous sulphide Aii,S". 

fAnS" 

Auric sulphide < S" 

AuS" 
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CHAPTER XXI. 

TBTBAD ELEMEirrS. 

Section II. 

ALTJluiiiUJC, Al. 

Atomic weight =27*5. Molecular weight wnhnown. Specific 
gravity 2*6. Fusee at about 450°. Atomicity^'', hut is 
always a pseudo-triad, Evidence of atomicity: — Analogy 
with iron and chromium. 

Annexed are the names and formuls of the most important 
compounds of this metal : — 

@ 

Aluminic chloride . . . 'A1"',C1, or | ^^k 



Aluminic oxide A1,0, or { ^JqO- 0=(^-^0 

Aluminic hydrate. 1 . , „ f AlHo. 
iGMnte.) / ^»^«« «' { AlHol' 
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Aluminic oxydi- ^ 
hydrate. (IH-l iU,O.Ho. or { JJgg". 

(upore.) J *- 







Aluminic sulphide . . . A1,S", or | JJ^^S". 
Dipotassic aluminate AlfiJK.Oj^ or \ j^v^- 

Aluminic Bulphato . . . S,O,('Al"',O0^18OH, or 

SO,-('Al"',0,)'«,18OH^ 
SO,—" 

Alumimc sulphate 'j 
tetrahydrate. I SO.('Al"',0,HoJ",70H,. 
(Ahtminite.) ...J 

Allophane SiHo,('Al"',Ho,0,)", (2 or 4)OH,. 

Prehnite Si,Ho,Cao,"('Al"',0.)'>. 



Zoisite. 



•\Vai"'.o./ 



Spodumene SI„0„Lio.('Al"',0.)^- 

Petalite Si..O«,Nao,Lio,('Al"',0.)^,. 



J^4u»;m^ 777. 
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Alunite, alum- \ 
stone. Pig. 1. / 



Collyrite. Fig. 2.. 

Dipotassic aliuni- 
nic tetrasiil- 
phate. {Oomitton 
ahtm.) Fig. 3. . 

Worthite. Fig. 4.. 



So5n^'*('^"'.Ho,0,)"'. 
SO?o' ('A1"'X0)"- 

fflHo,('Al"'.Ho.O)^40H,. 
SO,Ko— , 

SO^Ko— I 
|L('Al"',HoO.)' 



MjloBchine. Fig. 5. SiHo,('Al"';ao,OJ". 

Porcelain day of\ SIHow,.,,,, ■„ r» m, 

Pa««u. Fig. 6. 1 SiHo:(^ '^"'O,)^- 

CimoUte, kaolin of) ^n **'""! 

Ellenbogen. [ iJo^CAr'Ar. 

Fig. 7 -' SiHo,-J 



SiOHo-i 
AgalmatoKte. Fig. 8. g^g ('A1"'.0.)''. 
SiOHo-J 

Bachholzite, xeno- \ ?}('A1"' O )" 
Kte. Fig. 9. ...J g('Al"'^0;)^. 

Porcelain clay. j g"^*^'" HoA)"- 

Andalusite, chias- ' 
tolite, cyanite, ^.^ „ 
fibroHte,«illimi^[ SiO(Al A) • 
nite. Kg. 11. 

Wemerite. Kg. 12. Si,Cao"CAl"',0,)^. 



i5 
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Saponite. Fig. 13. 

Lepidolite. Fig. 14. 

Aualcime. Fig. 15. 



Kazoumoffskin. i 
Fig. 16 I 



PLATINUM. 

Sl,Mgo".Ho„('Al"',0.)". 

Si,0,Ko,Lio,('Al";0.)'<.('Al";PA)" 

SiHo^ao 
O 

o 

SiHo,Nao 



SiHo,-i 

MHo^-rAl-.O.)-. 
SlHo,— ' 



Malthacite. Fig. 17. Si,0„HoX'Al"',0,)'«. 



Albite. Fig. 18. ... 



SlONao— , 

SiO 



SiO 



SIO 1 



SiO 
SiONao— ' 



CHAPTER XXTI. 

TBTR&D BLSUBNT& 

Sectioit ni. 

FLATHnjK, Pt. 

Atomic weight =197*4. Molecular weight unknown. S^.jr. 
21-5. Atomieitji " and •'. 



i ^u»vi*^- ' '-' 
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The following oompoonds will serve to illustrate the ato« 
micity and general character of this metal : — 

PLitinous chloride . . . PtCl^. ©-©"i® 

(a) 
Platinic chloride ... PtCl^. 0-{ptwci) 

Platinons oxide PtO. 

Platinic oxide PtO,. ©=0=© 

Platinous hydrate ... PtHo,. 

(o) 
Platinic hydrate PtHo^. (H)-(o)-fptwoMHi 

Platinosodiatnmo- -^ (2) & 

nic dichloride. I fJJ?*^ ^SkX_^^^^ 

Magwui.) J (^ (b\ 

White compound of f NHj,(N^HJCl 
Beiset iPt" 

• ^^ ^-^ ^.^ -^ 
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PlatoBO-diAmmon di- fNHj(N^HJHo 
ammoniuixi dihy- •< Pt" 
drate lwH,(N'H,)Ho 




DiplatoBammonic ox- 
ide 



©X(^ ^ ^ ^ 



hKh^ (huh 



Platinous sulphide . . . PtS". 
Platinic sulphide ... PtS",. 



CHAPTER XXIII. 

TETRAD ELEMEKTS. 

Segtiok IV. 
LEAD, Pb. 

Atomic weight s207. Molecular weight unknown. Sp. gr. 
11*445. ¥Me9 at ZZh"", Boils at a white heat. Ato- 
micity " and ^^. Also sometimes pseudo-txiatomic. 

The following list contains the names and fonnulse of the 
most interesting compounds of this metal : — 

Plumbic chloride ... PbCl,. ©"{SKs) 
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Plumbic oxide. 
{Litharge^ 



Plumbous oxide | p?0. 

} PbO. 

Plumbic peroxide.! ^p^^ 
{PlaUnente.) ... J ^ 

Diplumbic tri- 



oxide 



{ 



PbOPbo" 



Triplumbic 
^"^ tetroxide. 



ic "I 



PbPbo" 




Tetraplumbic \ «,pv„„,p. „ ^ ... 
pentoxide ] ^^^ (^ «0») • 

Plumbic hydrate ... PbHo,. ©-©-©-{"HE) 

Diplumbic oxydihy. f^Ho ^ ^ ^ ^ -^ _ _ 
drate \%^^^^ (SK2>-<5>-0-<5)-®-© 

DiplumbicoxydicUo-J5**<^ (5)-(SHo)-(S>-<5) 

ride. {MatheUte.) [pbd '^.''^^-/^^^'^^^'^^ 



182 



COMPOUNDS OF LEAD. 



Triplumbic oxydi- 
chloride. {Mendi- 
pite.) 



PbCl 
PbCl 



Diplumbic oxychlo-lQ ^ @H©-<^HS)-0-© 
rohydrate [pbCl 



Octoplumbic hept- 1 p|j q qi 
oxydichloride ... J 




Plumbic sulphide.! pbS". 
{Galena.) J 



Diplumbic sulphodi- 1 g. (S)-^iy-ay^j^y<^ 

chloride I PbCl ^-^^^ >s^ w v^ 

Plumbic sulphate. 1 qq p|jq"^ 
(XcflKi vitriol.) J 

fNO 
Plumbic dinitrite ...\ Pbo". 

[no 

Plumbic nitrite hy- 1 igo(Pb"HoO). 
drate J 

Diplumbic nitrite- 1 igpbo"(Pb"HoO) . 
hydrate J 
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Plumbic dmitrate ... • 



NO, 

Pbo". 
[NO, 




Hydricplumbieni-j ^OHoPbo' 
trate J 



'• ©-©-0(" 



\, 



© 



:© 



Dihydric diplum- " 
bic nitrate hy- 
drate 



NHo,Pbo"(PbHoO). 




Dihydric diplmnbic p^^. 

nitrate mtnte. I pi » ' 
(Basic hyponitrate [ ff Q 
oflead) 




Plumbiccarbonate \ 

(Lead gpar, white I OOPbo". 
lead ore,) J 
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Triplumbic dihy-\ 00(OPbHo)p, ,, 
dratedicarbonatel 00(OPbHo)"° ' 



^V- (oV-(S)-Yo 




O h-{ Pb)— ( O )— { C V- ( O )— {IT>}— ( O J 



or 



Dihydric triplum-l CHoPbo"p, i, 
bic dicarbonate J CHoPbo" 






Diplumbio sul- 
phate carbonate. 
(Lanarkite,) . . . 

Tetraplumbic tri- 
carbonate sul- 
phate. (JLectd- 
Mllite.) 




SoPbo"Pbo". 
g^ Pbo" " 




Diplumbic chromate. CrOPbo",. 



Triplumbic di- 
chromate ... 



fCrOPbo"^ 
Pbo" O. 
OrOPbo"-' 



DipotasBic jpboKo.. 
pltimbate ...J 
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CHAPTER XXIV. 

HEXAD BLEMEITTS. 

Section IV. 

GHBOMiniC, Gr. 

Atomic weight =52'5. Molecular weight tmhnoum. Sp, gr, 6. 
Atomicity ", *', and ^; also a pseudo-triad (andapseud-octad). 
Evidence of atomicity : — See the annexed compounds. 

The following are the moBt important compounds of this 
metal: — 



ChromouB chloride CrCl,. 



0-0-0 



Chromic chloride ... \ nrCl'* 



Chromic perfluoride. CrF,. 

Chromons oxide CrO. 

Chromons hjdrate. . . CrHo,. 



Chromic oxide 



fOrOo 
tCrO"- 




©^XXD 
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ChromouB dichromic J CrOp^^,, /CiHllrH^ 
tetroxide ICrO'^'''' * (7)={^ fcrWo) 

Dichromic ferrous "| 
tetroxide. I fCrOp . /(iH!iKi) 

{Chrome vranl ICrO ' 0=0 CoWo) 

ore.) ^ 

Chromic dioxide CrO,, 

Chromic anhydride. CrO,. 

Dipotassic chro- -v f ^ ^ 

mate.) J {^ 

rs) ® 

Dipotassic dichro- r CrO Ko XL IL 

mate. (Fotassic < O . (TM'TMc^H^oVrcrV-f o ) 

JicAwffwfe.) lCrO,Ko 

(O) (OJ 

fCrO,Ko 

Dipotassic trichromate. J q^q 
{Potatsic terehromate.) | O 

VOrO,Ko 

[ ol ^oj (O ] 

[ K >— ( O V-ZcrJ—T O \--^CrV-/^0 V-ICr V-{OJ— (^ "^^ 

fo) (o) (o) 





Ib^u»pm^ '.» 
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dxBulphate. Fig. 1. 1 SO^Ko^™ ' ^^^r 
SO — I 

phate. Fig.2 J SQ* I 

Dipotassic dichromic > gQ Ko-i 

o/um.) Fig. 8 J SO.KoJ 

Fig.'^^!} W,0„('Cr"'.0.)^ 



Dichromic 
trate. 



Octochromic carbo- 
nate dihjdrate. 
Fig. 6 

Plumbic chromate. 
(Bed lead ore, 
eroeoiHte.) Fig. 6. 

Sulphochromic acid, f SO Ho 
(Dihydrie sulphate < O 
chromate.) Kg. 7. ... lCrO,Ho 



CCCr"',0„Ho,)«\ 



CrO.Fbo". 



Tetrapotassic dichro- 
mosulphate. Fig. 8. . . . 



fCrOKo-0,-, 
O S«Ko,. 

CrOKo-0,-J 



Chromic hydrate • • { CrHo'' ^°^» 



Perchromic acid {gSf(gg,^>. 
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(o 

Potaasic chlorochro-1 CrO,ClKo. (aMoMoM* 

mate j 

[o 

Co 
Oliroinic dicblorodi- ^ 

oxide. {Chloro-l CrOaCl,. fciWcrWci 

chromic acid.) J 

ChromouB sulphide. . . . CrS". 

Dicliromic trisul- / CrS"Q„ 

phide ICrS"^- 

Sulphochromic anlij-'i ^ f^„ 
dride J »• 

MANGANESE, Mn. 
Atomic weight =55. Molecular weight unknown. 8p. yr. 7 
to 8. Atomicity ", % and ^ ; also a pseudo-triad and a 
pseud-octad. Evidence of atomicity i — 

Manganic perfluoride Bln^P,. 

Analogy with chromium. 
The following are some of the more important compounds 
of this element : — 
Manganous chloride. MnCl^. ©-®-© 

Manganic chloride... MnCl^. (S\-{Mny^ci 

rci 

(cO fci 

Dimanganic . heia- f BJnCL C^!)^u.y-{u,y-{c, 

chloride \BfnCl, 

fen rci 

Manganous hydrate . MnHo,. (J)-®-©"®"® 
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Monganoua oxide ... MnO. 



(£K£) 



Trimanganic tetr- 
oxide. (HauMUh 
nite,) 



MnO 
Mn 



O 

.0- 



BlnO^ 

Manganous diman- f BInO|^ „ 
ganic tetroxide ... iMnO 

Dimanganic trioxide. f BInOQ 
(Bratmite,) iBffnO 

hydrate. (-af««^«- 1 MnOHo* 
nite.) 



fMnO-O-i 

Varvicite J Mno" (Mn»^Ho"J. 

[MnO-O-J 




Manganic oxide. 1 ^^q 
{FyrolutUe) J 

Manganous diman- 
ganic tetroxide di- 
hjdrate. (Fsilome- 
lane, Kartmangcm,) . 




[SSS^M-"- 




Dipotasaic manganate MnO^Ko,. 
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Dipotassic per-1 fMnO,(OKo) 
manganate J l»«nO,(OKo)- 




Manganous sul- 
phide. (Man- 
ganese blende.) . 

Disulphopotassic 
trimangonous 
disulphide 

Manganous carbo- 
nate. (Manga- 
nese spar,) 

Dihydric manga- 1 
nous sulphate... J 

Dipotassic manga- 1 
nous disulphatej 

Aluminic manga-^ 
nous tetrasul- 
phate. (Manga- v 
nese alvmimvm 
alum.) J 



MnS 

MnKs 

Mn 

MnKs' 



S" 



COMno". 



Dimanganic trisul- 1 
phate I 

Dipotassic diman-"^ 
ganic tetrasul- 
phate. (Potas- 
sium fMmganese 
alum.) 



SOHo,Mno",(3, 4 or 60H,). 
|g;|>o",60H, 

fso,-nl 

^Mno"rAl"'Oe)^240H,. 

IsoHi 
so, — I 

so,-n 

SO,-CMn"',0.)^. 
SO,—" 



SO,Ko 
SO,— 
SO,— 
SO,Ko 



SO,Ko-. 

|g»— (Wn"',0,)^240H,. 
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P,0,Ho,Mno;' 



y SiOMno". 



Dihydric dimanga- 1 
nous diphosphate J 

Manganous sili-^ 
cate. {Silicife' 
rou8 manganese, 
red manganese, 
rother Mangan- 
kiesely Both- 
hraunsteinerz.) . 

Dimanganous sili-l 
cate. (Tephro- I 
ite,) J 

Dihydric dimanga- | 
nic silicate dihy- 
drate. (Schwar- y 
zer Manganhie' 
sel.) 

Hexmanganic mo- 

nosiHcate. (He-)- Si('Mn'",0„)*^ 
terocline.) ... 



SiMno" 



SiHo,(OMnHo),. 




Triglucinic tetraman- fSiOto"- 



ganous trisilicatej -M^no" / fMn"0\ " 
sulpWde. (^^^i^y i|S,"0^ 
'««*•> laiQo" 1 



":r*"""{^^'^-.o.)voH.. 



192 COMPOUNDS OF IRON. 

ntON, Ee. 
Atomic weight =56. Molecular weight unknown. iSjp. gr, 7*8. 
Atomicity ", *^, and ^. ^Evidence of atomicity : — Analog 
with chromium. 

The foUowmg is a list of the chief compounds of iron :— 
Ferrous chloride ... PeCl,. (sMBHs) 

(s) (2) 

fPeCL ><->». x^ -^ ^^ 

Ferric chloride 1 ri-^rli • O^J-Ov-C'V-W 

ireoi, v-^ Vj^ w v-^ 

Ferrous oxide PeO. ©Ks) 

Ferrous hydrate PeHo,. ©-0-{5)~0K2) 

Ferric oxide. (Bed 

hamatite, micace' /r\ 

r PeO ^ ^ 

ot» iron, oligift, i^'^'^O. 

gpecular iron or ^ (^y=(''«>-('«)=(oi 

iron glance.) 

(o) fol 
Diferric hexahydrate. j p*5°*. (hV<^V<i'«Mi'«Mp } 

©0 

Tetraferric trioxy- JT Y 

hexahydrate. (09m- fPeOHo fo) (o) (o) fo) 

©tftf* Jrotwi iron) ^ °" A«A»-r-A A-^ , ^ , ^ , ^^ . 
orCy fibrous brown ] PeHo 

iron ore or ^rou^n I^PeOHo (°) (o) 

A<0ma^'^.) 
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Diferric dioxy-dihy- 

drate. {Needle f PeOHo 
iron are, hraum \ PeOHo* 
iron ore.) 



Diferric oxy-tetra- 
hydrate. (Another f PeHo,^ 
variety of hroum \ PeHo^ 
iron ore.) 



Triferrictetroxide... Jpe ^• 
[PeO^' 
or 

Ferrous diferric te- 
troxide. {Ma^inetic I^^I^qo" . 
iron ore.) ^ 

foV-fFeV-To 





Potassic ferrate PeO^Ko. 



Octoferrous sulphide **^(Pe^)"S". 

0-©-©-©-©-0-0-© 

I ^ i 



-©- 



Biferrous sulphide... | p S". 

Ferrous sulphide ... PeS". 
Ferric disulphide. 1 

{Iron pyrites, > PeS",. 

martial pyrites.) J 



/Nx 



;0 

©=(5KE) 
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DifemctriBulplride {I'^i.S". ^j^^^^^^^j^ 

Diferric dicupric, te- A Jk 

trasulphide. («?p- { pj|((XS",)". © © 

perpyrUe,.) ©=^-e)=© 



Diferric hexani- 
trate. 



e hexanio rv^^"^n\y\ 

,. Fig.l...J ^•0»(^® •^•^ 



Hexahydric di- 
ferric diphos- 
phate dihydrate. 
Fig. 2 



. P,Hoe(Te"',HoAy'. 



^"^73 ''^^^'*'*} SOHo,reo",60H,. 



Dipotassic ferrous di- ^ 
sulphate. Fig. 4 



SO,Ko 
Feo^' ,60H,. 
SO,Ko. 



Diferric trisul- ^ 
phate.' {Coquim- 
bite.) Fig. 6. 

Dipotassic diferric 
tetrasulphate. 
{Potassium iron 
alum.) Fig. 6. 



SO,-. 
. S0,-(Te"'.0en9OH.. 

SO,Ko-i 
. |^»-(*Fe"',0«r^OH,. 



SO. 

SO,: 



:kJ 



Tetraferric sul- 1 gQ ('Fe"',0^)",60H,, 
phate. Fig. 7. J " 

Tetrahydric tetra-> 
ferric sulphate 

octohydrate. ^ SHo,CFe"',OHo30,y'. 
(Vitriol ochre.) 
Fig.8 



J?' "fitr orijir 'i"' 
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Keptaferric octo- ^ 
BTilpliide. {Mag- 1 Pe^S".. 
neHe pyrites.) ...J 



— vy~€)~€)'Ks)"'€)~ (?)■"('?)— C") 
Ferrous carbinate. "j 
{Spathic iron I COPeo". 
are.) J 



Ferrous nitrate 




COBALT, Co. 

Atomic irei^A^ =58*8. Molecular weight unknown, Sp.gr. 8*5. 
Atamieity '\ '^ ofiJ ^ P also pseudo-triatomic. 
Pop evidence of the atomicity of cobalt see the following list 
of the chief compounds of this metal : — 
Cobaltous chloride 0001^. ©-©-<2) 

(a) (cl) 

Cobaltic chloride ... | q^qj • ©"-©-©-(s) 

(cT) 
Cobaltous oxide CoO. ©=© 

Cobaltous dicobaltic f CoOp „ ©-©-0 

^o^'^ lOo0<^"- 04__^)^ 

He^cobaltic hept- 1 ^^ ^ 

oxide J ® ^' 

^) C?) C5 C5 
[ o lz::(Co}~(co)~(coV-(co)-(coV-m^--( o ) 
e2 
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Cobaltoufl hydrate CoHo,. 0H©-0-0-(n) 



Cobaltic 037-dibydrate 



fCoOHo 
jCoOHo- 




Cobaltous sulphide CoS". 

Cobaltic sulphide. (Oohalt ( CoS''g, 

pyrites.) 1 CoS" 

Dipotassic cobaltous disul- "I SOaKoQ^i/ qq^ 

phate. Fig. 1 J ^Oa^o ' ^' 

Dihydric pentacobaltouB^ CHo(OCo"Ho),p »o„ 

dicarbonatetetrahydrate. > CTTnmr!n"Hn^>'^^ »^^*- 

Pig.2 J 

Dicdbaltous carbonate di-1 

hydrate. Fig. 3 J 

Dipotassic cobaltous dicar- 1 

bonate. Fig. 4 i 

fSnci 

Cobaltoso-diammon-diammo- ) q^»* 



OHo(OCo"Ho), 

00(OCo"Ho),. 
gg|°Coo",10OH, 



nic dichloride. Fig. 6. 



• • j NH,C1 

P-NH,(N»H.)Cl 
fCa-NH,(N''H.)Cl 
I 1— NH,(N-H,)a 



Dicobaltic hexammon-liexam- 

teo-eoMt chloride.) Fig. 6, I Co^linL(N'H')Cl 

1— NH,(N-HJC1 

-NH,(irHJCl 
rCo-NH,(N-HJCl 
I— lirH,Cl 
,— NHjCi 
Co-NH,(irHJCl 



Dicobaltic tetrammon-Iiexam' 
monic hexachloride. {So-, 
teo-eobaU atpwrpweo-cdbaU 
chloride.) Fig. 7 ^ "i— NH',(N''H*jci 

Cobaltous dinitrate j^q*Coo",60H3. 



n^utvm^iat 




COMPOUNDS OP NICKEL. 

Gobaltic disulphide CoS,. 

Dicobaltous oxyaulphide Co^^ * ® ® 

Dihydric cobaltous sulphate. . SOHo,Coa",60H,. 
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NICKEL, Ni. 

Atomic weight =58'8. Molecular weight unknown. 8p, gr. 8*7. 
Atomicitg ", *% cmd ^ ? also paeudo-triatomic. 

Annexed is a list of the chief compounds of this metal : — 

Nickelous chloride NiCl^. ©"(S)"® 

Nickelous oxide NiO. 

NickeHcoxide {^^O. ^^^^^^^®^^^ 

(o) (o) 

Nickelic hydrate \ NiHo'' ®~@''®~(^h®^® 

(o) {Oj 

fHj (h) 
Nickelous hydrate NiHoj. 

{Ni 

Nickelous sulphide. ^ 

{Capillary pyrites^ \ NiS". 
hair nickel.) J 

NickeHc disulphide NiS' V 0=(SK!) 

IHliydric nickelous sul- 1 sOHo.Nio", 60H,. 
phate J 
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DipotasBic nickelous di- I j^r^), ^/»qtt 
s^P^ate lsO,Ko' 




[oj (oj 

c K)— (o }— (sj— (oy-m)--^oy-/^ 

(o) (o) 



Nickeloufl dinitrate \ Nio",60H,. 




Dihydric pentanickeloua T CHo(Ni"OHo)a 
dicarbonate tetrahv- < Nio" »20H,. 

drate [ CHo(Ni"OHo), 

{COKo 
CNio" lOOH. 
COKo 

Nickelous diarsenide. 1 "Am'^j^,, r\^^ J^ s i^ 

{Kupfemickel.) J "A.'^' ' ®s^ 



or /(a^ 

fA.V 







Nickelic tetranenide. "a«'^* • /®\ '^-'>' 

"AsdJ C© 0D 

Nickelous sulphide di- /(2)v 

arsenide (Gr«y«fc*rf I Ajs-Ni". ©T© ^. J .; 

ore, ntekel glance,) ^ Viy 
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CHAPTER XXV. 
ORGANIC CHEMISTRY. 

INTBODUCTOEY. 

The number of elements entering into the composition of 
organic compounds is usually very small. 

The really essential element is carbon. 

A large number of compounds consist of carbon united with 
only one other element, either hydrogen or nitrogen. 

The member^ of another very large class contain only three 
elements, — carbon, hydrogen, and oxygen; carbon, hydrogen, 
and nitrogen ; or carbon, nitrogen, and oxygen. 

Others eantaiiifour elements, carbon, hydrogen, oxygen, and 
nitrogen. 

Some contain sulphur, chlorine, bromine, iodine, silicon, 
phosphorus, boron, and metals; but these are comparatively 
rare, and those containing sulphur are alone found in nature. 

Although the number of the elements entering into the com- 
position of organic compounds is much smaller than that taking 
part in the formation of minerals, yet the complexity of the 
former class of compounds is frequently much greater. 

There is no instance of an organic compound containing but 
two single atoms, and only one containing three (hydrocyanic 
acid, HON). 

On the other hand, the number of atoms in a single organic 
compound is sometimes very great. Thus : — 

Spermaceti contains 98 atoms. 
Stearin „ 173 „ 

Margarin „ 217 „ 
Albumen „ 226 „ 

In most, possibly in all, organic compounds carbon is a tetrad. 
It therefore forms with 1 atom of hydrogen a triad compound 
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radical, wbich exists in chldroform (C*^H)"'Cl3; a dyad com- 
pound radical with 2 atoms of Hydrogen, as in methjlenic 
dichloride (C*^flj)"Cl, ; and a monad compound radical with 
3 atoms of hydrogen, as in methylic iodide (C*^H3)I. But in 
these compounds it will be seen that the carbon is always satu- 
rated and always a tetrad. 

This is in conformity with the following general law : — ^ In 
every molecule of a chemical compound the sum of the bonds 
is always an even number," ' because every number, whether 
odd or even, when multiplied by 2 gives an even number. To 
this may be added the following law, to which no exception is 
known : — " The sum of the bonds in any molecule is at least 
twice as great as the active atomicity of the most polyad ele- 
ment in the compound." 

A compound organic radical consigts, therefore^ of one or more 
atoms ofearhon in which one or more bonds are unsatisfiedj and it 
is either a monad, dyad, Sfc, radical, according to the number of 
monad atoms required to complete its active atomicity. 

Such a radical, when a monad, triad, or pentad, cannot exist 
as a separate atom ; like hydrogen or nitrogen, when isolated, 
it combines with itself, forming a diatomic molecule. It is only 
by the union of two atoms that the vacated bonds can be satisfied. 

The following are two of the principal series of compound 
organic radicals : — 



Monads. 



Methyl. 
Ethyl .. 
Propyl . . 
Butyl .. 
Amyl . . 






/Me 
IMe 

/Et 
JEfr 



fCH. 

\r- 

{ 

{ 
{ 



fBu' 

/Ay 
I Ay 



DyadB. 

Methylene... CH, or Me"*. 
Ethylene ... C,H, or Et". 
Propylene ... CjH, or Pr". 
Butylene ... C,H, or Bu". 
Amylene ... CgHi^ or Ay". 



* Only known in combination. 
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Orgamc radicals are the analogues of the monad, dyad, 
and triad elements of mineral chemistry. 

Such being the constitution of the organic radicals, it will 
now be necessary to investigate their functions in organic com- 
pounds, and to examine the general plan according to which 
these compounds are built up. 

We shall be assisted in this investigation if we reduce the 
formula of these compounds to a few types or fiindamental 
forms. In doing this it is necessary to avoid, as £Eur as possible, 
all empirical grouping of atoms. Our formulsd must express, 
as exactly as possible, how the elements are combined with each 
other. Thus in a compound containing CJ3^0„ the formula 
ought to show, first, whether the hydrogen is combined with 
the carbon or with the oxygen, or if combined with both, it 
should indicate how many atoms are united with the carbon, and 
how many with the oxygen. Secondly, the formula ought to 
show whether the oxygen be united with the carbon or with the 
hydrogen, or partly with the one and partly with the other, or, 
lastly, whether it be performing the function of linking hy- 
drogen to carbon. 

This information is most completely given, in notation, by 
making carbon the dominant or grouping element in non- 
nitrogenous compounds, and nitrogen in the remaining organic 
compounds. 

Non-nitrogenous organic compounds, exclusive of organo- 
metallic bodies, can be conveniently considered under the two 
following types, viz. : — 



1. The monadelphic, or marsh-gas 1 
type J 



©© 
2. The diadelphic, or methyl type... ©"C^)-©-© 




(b(b 



K i> 
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The nitrogenous organic compounds arrange themseLvea in 
the most convenient manner under the two following types : — 

(5) 

3. The ammoAia type (n) 

(^ 
@ 

4. The ammonic chloride type €)"wKE) 

(^h • 

In addition to these types a few others will be occasioiudly 
necessary, such as — 

TH) Ch^ fHl 

6. The triadelphic type (h)-( c m c w c >-< h 1 

Cs) CS) C?^ 
Co) (b) 

6. The double monadelphic type . . . (h)-{ c mo W c V-<^h 1 

7. The condensed diadelphic orl 

define type j (c)=(c] 

Double, and sometimes even treble ammonia and ammonic- 
chloride types are required for certain compounds, but they 
do not need special description here. 

The above types are written symbolically as follows : — 
1. Monadelphic type CH^. 

{CH 
CH*' 

3. Ammonia type N"'H,. 

4. Ammonic-chloride type N^H^CL 




F0KMUL2 or ORGANIC COMFOtTNDS. 203 

fCH, 

5. Triadelphic type ■{ CH,. 

fCH. 

6. Double monadelphic type -< O . 

[CH, 

{CH 

In order to fS^cilitate the use of these symbolic types, it is 
advisable to become familiarized with the symbols of the fol- 
lowing analogues of hydroxyl, in addition to those already 
given for inorganic compound radicals at p. 28, and for the 
monad and dyad organic radicals at p. 200 : — 

Methoxyl CH3O or Meo. 

Ethoxyl CjH^O or Bto. 

Propoxyl C3H7O or Pro. 

Butoxyl C,H,0 or Buo. 

Amoxyl CjHuO or Ayo. 

Formulsd written on the triadelphic type can be reduced to 
the diadelphic type, and those on the latter to the monadelphic 
type as follows : — 

res 

Triafdelpldc. Diadelphic. Monadelphic. 

The above alternative monadelphic formul®, although appa- 
rently different, are in reality identical, as can be easily 
proved by expressing both graphically, thus : — 



CMa,H, = (2KE)-K=)-i-0-<S) 
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CEtH, « 




On the other hand, monadelphic formulffi» if they contain a 
sufficient number of carbon atoms, can be expanded into diadel- 
phic, triadelphic, &c. formulaa in the following manner : — 



fCEtH, 

Normal butyl, or CEtH 

[oleoule.) 



propvlated methyl. 



CMeH, 
CH. 
CH. 
CH. 
CH, 
iCMeH, 



rCH, 

CH. 

CH. 

=^CH._ 



=< 



CH.- 
CH. 
CH. 

LCH. 



This development of normal butyl depends on the following 
facts : — 1st, that normal butyl is propylated methyl ; 2nd, that 
normal propyl is ethylated methyl ; and 3rd, that ethyl is me- 
thylated methyl. 

Secondary and tertiary organic radicak (see p. 207) cannot be 
completely developed vertically : — 



rCEtMeH _ 

1 CEtMeH ■" 1 CMeH 



rcH. 

( CMeH, CH, 
J CMeH _ I CMeH 



Meth: 
met 



CMeH 

CH, 

CH. 



rcH, 

CH, 
)CH(CH,). 
^CH(CHJ- 

^CH. 



fCMe, 
tCMe. - 

Trim«»thTlat«»d 
tethyl. (Molecule.) 



rcH, 

CMe. 
CMe. 

CH. 



fCH, 

C(CH,)(CH.) 
C(CH.)(CH.)- 
CH. 



GRAPHIC PORMULa, 
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It will be seen, on comparing the above formnlsa with the 
graphic representation of the respective compounds, that both 
express the same facts. Thus in the developed symbolic formula 
of normal butyl it is evident that the two extreme carbon atoms 
are united with three atoms of hydrogen and one of carbon, and 
all the intermediate carbon atoms with two of hydrogen and two 
of carbon, exactly as shown in the following graphic represen- 
tation : — 




Normal butyl or propjlated mafchyl. (Moleoole.) 



From the developed symbolic formula of methylo-ethylated 
methyl, it is evident that the two central carbon atoms are 
united with three atoms of carbon and one of hydrogen, that 
the two extreme carbon atoms are united with one atom of car- 
bon and three of hydrogen, that the intermediate carbon atoms 
are joined to two hydrogen and two carbon atoms, and that the 
remaining carbon atoms are each combined with one atom of 
carbon and three of hydrogen, thus — 



©-<3>-0 




(hV/cV/h) 



Methylo-ethylated methyl. (Moleeale.) 

Lastly, in the developed symbolic formula for trimethylated 
methyl, the two central atoms of carbon are each united with 
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four carbon atoms, and all the remaining atoms of carbon are 
united with three of hydrogen, and one of carbon, thus : — 



©-©-© (2>-©-<h) 




(^}~(£/""® (?}~©~® 



(h) @ 

Trimethylatod metfayL (Molecule.) 



CLASSIFICATION OF OBGANIC COMPOUNDS. 

The most important organic compounds can be oonvenientlj 
divided into the following twelve families : — 

1. Organic radicals. 

2. Hydrides of organic radicals. 
8. Alcohols. 

4. Ethers. 

5. Haloid ethers. 

6. Aldehydes. 

7. Acids. 

8. Anhydrides. 

9. Ketones. 

10. Ethereal salts. 

11. Organic compounds containing triad or pentad nitrogen. 

12. Organo-metallic bodies. 
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CHAPTER XXVI. 

OBGAIfIC BADICAL8. 

This family of organic compounds is divided into two 
classes : — 

Class I. Basylous or positiye radicals. 
Class n. Chlorous or negative radicals. 

Class I, 
BA8TL0U8 OB POSITIVE BADICAZ8. 

Monads. 
Methyl or (C„Hj^i)j Series. 
Vinyl or (C„Hft,_i)j Series. 
Phenyl or (C^H*,.;), Series. 

Dyads. 
Ethylene or C«Hs» Series. 
Acetylene or C3ft.-i Series. 
Phenylene qp C„H»,_8 Series. 

Triads. 
Glyceryl or (C«Hft._i)'", Series. 



Class I. 

BASTLOUS BADICAZa. 

MONADS. 

METRTL or (C^^O, 8BBIBS, 

These radicals are divided into three sections, viz. Normal, 

Seoondary, and Tertiary : — 

General formula. 

LNoniudBadical. { cfcja:::)!:- 
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General formuke. 

2. Secondary Eadicalfl •■. (cf^Hri) H' 

3. Tertiary Radicals { cfc'SlTo'- 

In the first of the above formulae n may sQ, but in the 
others it must be a positive integer. 

Examples of the secondary and tertiary series of radicala 
may be seen in the secondary and tertiary fatty acids. They 
have not yet been isolated. 

It is evident that, besides the three series of radicals shown 
above, three other series, containing, in the same molecule, 
normal and secondary, normal and tertiary, and secondary and 
tertiary radicals, may exist ; but up to the present time they 
have not been obtained. 

I. Normal Badicals. 

This series contains the radicals of the methyhc series of 
alcohols. 

These radicals also enter into the composition of the normal 
series of fatty acids. 

The following list contains all the radicab of this section 
that have been hitherto obtained : — 

pcintB. 

Methyl I -^^ or j qtt" not known. 

fCH, 
CH. 



^%i {So'(S:5.o' 



about —28°. 



p-pyi {£ o'-jc^?;. «' 



CH. 

CH. 
CH. 
CH, 
CH. 

ICH, 



+68" 
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Boiling* 
points. 

«-*yi {1u.-{cm: "«^- 

^n ••■{i^.or(g|^...: 1590. 

C-^P^yl {cj'-{ci?i: 202». 

Preparation, — 1. By the action of zinc on the iodides of the 
normal radicals : — 

Part of the liberated radical is at the same time decomposed 
into the hydride of the radical and the corresponding dyad 
radical : — 

A remarkable special method for preparing ethyl consists in 
exposing mercury and ethylic iodide to the influence of sun- 
Hght:— 

2EtI + Hg = Hgl, + Et.. 

Etiijlio Mercnrio BthjL 

iodide. iodide. 

2. By the electrolysis of the salts of the normal fetty acids. 
In this process nascent oxygen acts upon the fatty acid, con- 
verting its oxaty] into carbonic anhydride, the positive radical 
being set free : — 

o f C(C„H2«+i)H, , o — J ®(C«^*H-i)^t 
^tcOHo + O - |c(C,H^OH. 

VaJtby 5dd. BadioaL 

+ 2C0, + OH,. 

Carbonio Water, 

anhydride. 

8. By acting with zinc upon the iodides of two radicals simul- 
taneously, the so-called double or mixed radicals are produced: — 

Mel + EtI + Zn = Znl, + {^®. 

Methylio Eth^lie Zindo Methrl 

iodide. iodide. iodide. ethyl. 
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ETHTL. 



©© i 




© 

Molecular toeight s=58. Molecular volume \ I 1 . I lUre of 
ethyl gas weighs 29 crithe. Boils at about —23^ C. 

Freparation, — By digesting together at 120** ethylic iodide 
and zinc, the reaction being exactly similar to that between 
hydriodic acid and zinc : — 



Zn + 2HI == Znl, 



Hydriodic 
acid. 



Zinoio 
iodide. 



v{i- 



Zn + 2EtI = ZnL + 



Eth^lio 
iodide. 



Zinotc 
iodide. 



Hydrogen. 

fEt 
\Ef 

BtbyL 



rnrrL series. 

Cteneral formula... {c(c"Hr!)H!- 
The first member of this series — vinyl — has not yet been 
isolated. 



ALLTL. 



fC.H. fC(CMe"H)H, 




Molecular, weight ««82. Molecular volume I I i . 1 Hire of 
allgl vapour weighs 41 criths. Sp, yr. 0*684. BaHs at 59^. 
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Fr^aration. — By digesting allylic iodide with sodium, and 
then distilling : — 

Na, + 2C(CMe"H)HJ =. {gjg^l^lj^ + 2NaI. 

AUjlic iodidd. Alljl. Sodio iodide. 

Character, — ^Bromine and iodine unite directly with allyl, 
producing allylic tetrabromide and tetriodide. In these com- 
pounds the molecule of allyl plays the part of a tetrad radical. 

In allylic tetrabromide, four latent carbon bonds in the mole- 
cule of allyl have become active, and are united with four atoms 
of bromine : — 

fC(CMe"H)H, . p, _ f C[C(CH,Br)BrH]H, 
tC(CMe"H)H, ^ ^^^ - tC[C(CH,Br)BrH]H; 

AllyL Allylic tetrabromide. 

An analogous case is met with in ferric chloride, where two 
tetrad atoms, united by one bond of each, become together hexa- 
tomic 2— 

{So-.- 

Allylic monobromide can only be obtained by the action of 
phosphorous tribromide on allylic alcohol : — 

3C(CMe"H)H,Ho + PBr, = 3C(CMe"H)H,Br 

Allylic alcohol. FhoephoroaB Allylic monobromide. 

tribromide. 

+ POHHo,. 

PhosphorooB acid. 



FREirZL SERIES. 

General formula... (c(c5*I')h'- 

These radicals are but very imperfectly known, phenyl alone 
having been investigated. 
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FHEKTL. 

f<5(C.H.)H, 
tC(C.H,)H,- 




Molecular weight =154. Molecular volume I I I . 1 liire of 
phenyl vc^nmr weighs 77 criths. Fuses at 7(P. Bails at 
240P. 



+ 2NaBr. 



Preparation. — By the action of sodium on phenylic bro- 
mide : — 

_ fC(C.H.)H, 
- 1C(C,H,)H, 

Phenylio bromida. FhenjL Sodie bromide. 

Beaetion. — By treatment with bromine, phenyl produces 
brompheajl and.bjdrobromic acid: — 



2C(C,H,)H,Br + Na. 



fC(C.H.)H, 
tC(C.H,)H. 

FhenjL 



Br - /C(C.H.)HBr 
^'* - tC(C,H,)HBr 

BromphenyL 



+ 2HBr. 

Hydrobromic 



CHAPTER XXVII. 

BASTL0U8 RADIO ALS. 

DTADS. 

HTHTLEKH or C,B^ 8EBIES. 

Preparation. — These compounds are produced as follows:— 
I. In many cases of destructive distillation, where, howeyer, 
the reaction cannot be traced. 
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2. By the abstraction of the elements of water from the 
normal monaeid alcohols of the methjlic series, as for in- 
tance: — 

{c^Ho = "{ch! + OH,. 

EthjlioaloohoL Ethylene. Water. 

3. By passing the vapours of the haloid compounds of the nor- 
mal monad radicals of the GnHs^i series over heated lime, thus : — 

Ethjiio Ethylene. Hydroohlorio 

chloride. add. 

4. By the transformation of the monad radicals at the mo- 
ment of liberation from their compounds, when they split into 
dyad radicals and the hydrides of monad radicals : — 

fC(CH.)H, _ „fCH, fCH, 

1C(CH,)H, - tcH, + Ich; 

EthyL Ethylene. Ethjrlio 

hydnde. 

5. By the action of the iodide of a monad radical on the 
sodium compound of a monad radical : — 

JCH,! + tCHlNa = ^al + j^h; + IcH; 

Bthylie Sodio Bodio Ethylene. Eth^rlio 

iodide. ethide. iodide. hydride. 

Character. — The lower members of this series of dyad radicals 
are gaseous, the higher solid, and the intermediate ones liquid. 

The following list includes the known dyad radicals of this 
series, together with their fnsing- and boiling-points : — 

Fusing- Boiling- 
point, point 

Ethylene C,H, 

Propylene C,H, 1^8 

Butylene CJl^ -f350 

Amylene CgH^ 650 

Hexylene ^e^-ii 390 

Heptylene or (Enanthylene... C^Hj^ 65*0 

Octylene or Caprylene CgH,, 95*0 
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Fuiiiig- Boiling- 
point, point. 

Nonylene C^H^ 125*^ 

Faramylene CjoHjo 

Cetene Ci.H^ 

Cerotene C„H„ 5r 275 

Melene O^B.^, 62 876. 

Beactions. — 1. The dyad radicals of this series all tmite 
directly with chlorine, bromine, and iodine, producing com- 
pounds which, in the case of ethylene, are represented by 

fCH,Cl fCH,Br fCH,I 

tCH^Cl jCH^Br lCH,r 

Bthrlenio Bthjlenio Ethjlenio 

dichloride. dibromide. diiodide. 

These compounds, when treated with alcoholic solution of 
potassic hydrate, furnish one molecule of a hydracid, thus : — 

{c5:Cl + KHo - KCl + "{%^ + OH.. 

Bthrlenio PotaMio PoCaMio Vinylio chloride. Water. 

dichloride. hydrate. diloride. or chlorinated 

ethylene. 

The monochlorinated radical thus obtained again unites with 
two atoms of chlorine, producing chlorinated ethylenic dichlo- 
ride, 

rcHcia 

tCH,Cl ' 

which, by further treatment with alcoholic potash, yields dichlo- 
rinated ethylene ; and so, by alternate treatments with chlorine 
and potassic hydrate, ethylene becomes transformed into tetra- 
chlorinated ethylene. The following formuhe show the first, 
intermediate, and final compounds : — 



ICH, t 



CH,a „ f CHCl f CHCICI „ f CHCl 
CH,C1 tCH, \CH,C1 \CHC1 



f CHcia „ f cci, f cci,ci „ f cci. 

\OHClCl \OHCl tOHClCl JCCI,- 
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Tetrachlorinated ethylene absorbs two additional atoms of 
chlorine, producing the solid dicarbonic hexachloride : — 

jcci.. 
icci. 

Dioarbonic hexachloride. 

2. The djad radicals of the ethylene series can be transformed 
into the monad radicals from which they are derived. If ethylene 
be digested with hydriodic acid for 60 hours at 100^ C, it is 
transformed into ethylic iodide : — 

"{c5 + ^ = (cllr 

Ethylene. Kjdnodio Eth^lio 

add. iodide. 

"From this, ethyl may be prepared, as shown at p. 210. 
Isomeriwn of ethylene and ethylidene compounds. — The chlorides 
of the dyad radicals are isomeric : — 

1. With the chlorides of the monochlorinated normal monad 
radicals. 

2. With the chlorides derived from the aldehydes, which, 
however, are identical with the chlorides of the monochlorinated 
normal monad radicals : — 

tCH,Cl tCHCl, tCHCV 

Ethylenio Ethylidenic dichlo- Monoohlorinated 

dicUoTide. ride (obtained from ethylic diloride. 

aldehyde.) 

These substances, when treated with alcoholic potash, all 
yield the same vinylic chloride : — 



Bthylenio Fotasaio Vinj;lio Water. Fotaaaio 

dichlorida hydrate. chloride. chloride. 

{olbi, + ^Ho ='(ggf + OH. + m. 

Monochlorinated Potaesio Yinjrlio Water. Potaario 

ethylic chloride, or hydrate. chloride. chloride. 
Ethylidenic dichlo- 
ride. 

But certain compounds of ethylene yield paralactic acid, 
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whilst the corresponding compounds of ethylidene give laetac 
acid. The boiling-points of their chlorides also differ, ethj- 
lenic dichloride boiling at 85°, whilst ethylidenic dichloride 
boils at 64^ ; on the other hand, ethylenic oxide boils at 13^*5, 
whilst ethylidenic oxide (aldehyde) boils at 20°. 
The oxides of the dyad radicals are isomeric — 

1. With the corresponding aldehydes. 

2. With the alcohols of the vinylic or C„H»^iHo series. 
The nature of this isomerism is seen from the following for- 
mulae: — 

{oH^^ {cob "{cHko- 

Btii^lenio Acetio VinTlie 

oxide. aldehyde. aloonoL 



ETHYLENE. 

©© 



I I 



"{cS:- ©-©-©^ 



Molecular weight =28. Molecular volume I I i , 1 litre weigh 
14 criths. 

Preparation, — See general methods (p. 213). 
Beactions. — 1. Decomposed into carbon and marsh-gas by 
passing through a red-hot tube : — 



"{ 



CH- = OH, + C. 



Etiiylene. Manh- 



2. Burns in chlorine with deposition of carbon : — 
"(cH^ + 2C1, = C, + 4HC1. 

Ethylene. Hydrochlorie 

acid. 

Ethylidene, the isomer of ethylene, has not yet been isolated. 



ACETTLENB. 217 

unless the hydrocarbon C^H^ derived from the transformation of 
ethyl be this body. The formula of ethylidene is doubtless 



CH, 




AOUTTZJENU or Cja^^i 8IJEIES. 

Acetylene is the only radical belonging to this series which 
is well knowQ. The series comprises the following members : — 

Acetylene C^H,. 

Allylene CjH^. 

Crotonylene O^B^« 

These radicals stand in the same relation to the alcohols of 
the vinylic series as ethylene bears to ethylic alcohol. They 
are also probably capable of assuming tetrad functions. 



ACETTLEin:. 

"'c;h,op ( ;;g= ®-(^^ OP 0-g)^K5) 

Moleeidar weight ^2Q, Molecular volume \ \ \ . 1 Utre weighs 
13 eriihs. 

Preparation, — 1. By synthesis from its elements. When an 
electric arc from a powerful voltaic battery passes between car^ 
bon poles in an atmosphere of hydrogen, acetylene is produced. 

2. By the action of water on potassic carbide :— 



0,K. 


+ 


20H, 


*= 


OA 


+ 


2KHo. 


Potusie 




Water. 




Aoetylene. 




Potuaic 


otfUide. 












hydrate. 
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8. By the action of heat upon defiant gas or the vapours of 
alcohol, ether, or wood-spirit, or bj passing indoddon apariLa 
through marsh-gas : — 

2CH, = C,H, + 3H,. 

Manih-gaa. Acetylene. 

4. By heating the vapour of methjlic chloride to low red- 
ness : — 

2CH,C1 = C,H, + 2HC1 + H,. 

Metfajlio Acetylene. Hydrochlorio 

ohlonde. acid. 

5. By passing the vapour of chloroform over ignited copper:— 

2OH01, + Cue = C,H, + S'Cu'.Cl,. 

Ohlonfixm. Acetylene. Coprooa 

chloride. 

6. By the action of calcic carbide upon water : — 

C.Ca" + 20H, = CA + CaHo.. 

Calcic Water. Acetylene. Galdo 

carbide. hydzate. 

7. From vinylic bromide, one of the derivatives of ethylene, 
acetylene may be obtained by the action of alcoholic potash : — 

C,H,Br + KHo = C,H, + KBr + OH,. 

Vinj;Uo Potaaaio Acetylene. Potaano Water. 

bronaide. hydrate. bromide. 

8. By the incomplete combustion of bodies containing car- 
bon and hydrogen : — 

4CH^ + 30, = 2C,H, + 60H,: 

ICarah-icaa. Acetylene. Water. 

2CA + O, = 20A + 20H,. 

OleOantgaa. Acetylene. Water. 

The crude acetylene, obtained by any of these processes, is 
best purified by passing it through an ammoniacal solution of 
cuprous chloride, with which it forms a red precipitate con- 

C;Cu',H ©-( 

taining < O . 

. [c;cu',H 
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2'Cu',Cl, + 20A + OH, - Jo* + 4HC1. 

lO,'Cu,H 

Cnproas Aoefylene. CnproooTinylio Hjdrochlorio 

cMorida. ether. (Aoetylide »oid 

of copper.) 

If ethylene have been present in the crude acetylene, the 
liquid containing the red precipitate is next heated to boiling, 
in order to decompose a compound which ethylene forms with 
copper. The cuprosovinylic ether is then collected upon a 
filter and washed* On heating cuprosovinylic ether with 
hydrochloric acid, pure acetylene is evolved : — 

^c;cu'^ 

O + 4iHCl = 2CA + 2'Cu'A + OK,, 

C;Cu'^ 

CuproeoTiiijlio Hydrojohlorio Aoetrflene. Cuprous Water, 

ether. (AoetjUde aoid. chloride, 

of copper.) 

JSeaetions. — 1. When cuprosovinylic ether is heated with zinc 
and dilute ammonia, the nascent hydrogen evolved by the action 
of the zinc upon the ammonia unites with acetylene, producing 
ethylene :— 

c;cu'^ 

O + 2H, = 2C.,H, + 4Cu -h OH,; 

C;Cu',H 

CnproKmnjlio Aoetylene. Water. 

OA + H, = OA- 

Acetylene. Ethylene. 

2. Acetylene is absorbed by sulphuric acid, producing vinyl- 
sulphuric acid : — 

C^, + SO,Ho, = SO,(C^,0)Ho. 

Aoetylene. Snlphorio Yinyl-inlphiino 

acid. aoidi 

8. Acetylene unites with bromine, forming acetylenic dibro- 
mide :— 



'"C, H, + Br, = "e,H,Br,. 

Aoetylene. Acetylenic 

dibromide. 



l2 
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BBOHACETTLENE. 

By boiling together dibromethylenic dibromide with alco- 
holic potash, a Bpontaneously inflammable gas iBerolved, which 
is bromacetylene. 

{^rBr - HBr + Br, + O^ffBr. 

DibromethTleiiio Hydrobromio BromaoelTleiie. 

dibromiae. add. 



FHJEinXSJ^I! or aH8,,_8 SUBIHS. 

The dyad radicals of this series are very little known. 
The following has alone been isolated : — 

Phenylene, CgH^. 




BASTZOUS BADICALS. 

TBIADS. 

These radicals are unknown in the separate state, unleBs they 
are identical with the dyad radicals of the acetylene series: — 

Aoetylena FormyL 

They are, however, well known in a numerous dass of com- 
pounds belonging to families which will be studied hereafter. 



CTANOGBN AND OXATTL. 
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CHAPTER XXVm. 

obgahio saoicals. 

ClassIL 

OSLOBOUS OB UTEaATim BADI0AZ8. 

XSrery positive or baciylous radical may be looked upon as the 

source of a chlorous or negative radical, which is generated by 

displacing a portion of the hydrogen of the former by oxygen. 

Thus:— 



Ethyl {g«^ yields acetyl {g^^g. 



(C.H. 



^y^ 1o:h; 

Ethylene (0,HJ' 
Propylene (C3H,)" 



/0,H.O 
tO.H,0- 

(OAO)". 
(C.H.O)". 
(0,H.OJ'. 



aciyl 

glycolyl 
lactyl 
>, „ malonyl 

The constitution of the so-called compounds of these negative 
radicals may, however, be more simply explained from another 
point of view ; and, in &ot, it will only be necessary for us to 
establish the existence of two negative radicals, in order to inves- 
tigate the whole range of chlorous organic compounds. These 



are — 



Cyanogen 



Oxatyl, the molecule 
of which is dry 
oxalic acid. 



fCN" 
tON" 



fCOHo 
tOOHo- 




These two radicals are the acidifying principles of nearly all 
organic acids ; they are therefore highly important compounds. 
The atom of each consists of an atom of carbon, one bond of which 
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is free to combine with other elements or groups of elements, 
the other three bonds being saturated, in cyanogen bj triad 
nitrogen, and in oxatyl bj one atom of oxygen and one of 
hydroxyl. In the molecules of both, the two free bonds of 
the carbon saturate each other. 

These radicals are also closely related to each other. GThua, 
if cyanogen be dissolved in water, it is soon transformed into 
ammonic oxalate : — 

I ON'" + ^°^ == tCO(N-H;0)- 

Cjuiogen. Water. Ammonio c 



In the presence of j)ota8sic hydrate, cyanogen eyolyes ammonia 
and produces potassic oxalate : — 

{gg: + 2KHo + 20H, - (ggg + 2NH.. 

CyaiiogvB. Potaaaic Water. Potaario Ammonia, 

hydrate. oxalate. 

From these salts oxalic acid, or the molecule of oxatyl^ may 
of course be readily obtained by the action of sulphuric acid. 

In the converse manner, oxatyl may be converted into cya- 
nogen, by transforming it into ammonic oxalate and submitting 
the salt to the action of heat : — 



rCO(N-H,0) _ .ftxr , ft 



'ON'" 
ON"" 

Ammonio oxalate. Water. Cyanogen. 



CTANOaEK. 

/ON'" ^ 
JQjjr^.orCy,. 

Molecular weight =52, Molecular volume I I 1 . 1 litre weighM 
26 cHthi, Fuses at —84°. Boils at — 20°-7. 

Occurrence. — Amongst the gases of blast furnaces, — a proof 
of its withstanding an extremely high temperature. 
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I^reparaHan. — By the action of heat on mercuric cyanide : — 
HgCy, = Hg + Cy,. 

Meroorio Cjanogen. 

oyaoide. 

This equation only partially expresses the reaction^ as a brown 
non-Yoktile compound (paracyauogen^, Cy^y is simultaneously 
produced. 

^BeacHon. — Cyanogen unites directly with potassium : — 
Cy, + K, = 2KCy. 

Cjiaogem. Poteaaio 

oyanide. 



HTDBOCTANIC ACID. 

Jifolecular weight =27. MbUeular volume \ I I . 1 Uire ofhy- 
drocifonic acid vapour loeiffTis 13*5 criths. Sp* yr. qf liquid 
0-7058. Fuses at - 16°. Both at 26°-6. 

JPreparation. — 1. In the anhydrous condition, by passing 
hydroBulphuric acid over mercuric cyanide : — 

HgCy. + SH, = HgS" + 2HCy. 

Mercario Sulphuretted Heroario Hydnxmiio 

(^aaiide. hydrogen. solphide. ado. 

2. By distilling potassic cyanide, or ferrocyanide, with dilute 
sulphuric acid : — 

2KCy + SO,Ho, = 2HCy + SO^Ko.. 

Potaano Sulphario HjdroOTBmo FotMno 

cyanide. add. add. anlphate. 

3. By passing nitrogen over an ignited mixture of potassic 
carbonate and carbon : — 



COKo, + C, + N, « 2CN'"K + 3C0. 

Potaano Potaano Carbonic 

carbonate. cyanide. oxide. 

The potassic cyanide thus formed is then treated according 
to process No. 2. 

JReactions, — 1. Hydrocyanic acid in contact with water slowly 
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passefly partlj into ammomc oxalate as mentioned at p. 222, and 
partly into amnionic formate : — 

ON"'H + 20H. » {go(N'H.O)- 

HydroOTanio Water. Ammonie 



2. If hydrocyanic add be mixed with concentrated hydro- 
chloric acid, formic acid and ammonie chloride are produced : — 

CN'"H + 20H, + HCl - (cOHo + ^^^^^ 

Rjdxoayvao Water. Hydioofalorio Fonnio AmiMir 

add. a«id. aci<L chloridto. 

8. The displacement of the hydrogen in hydrocyanic acid by 
metab gives rise to a very extensiye series of single and double 
cyanides. The following is a list of the most important of 
these compounds : — 

Bmgle Cyanides, 

Potassic cyanide KCy. 

Zincic cyanide 25nCy,. 

Cadmic cyanide CdCy^ 

Nickelous cyanide NiCy,. 

Argentic cyanide -A.gCy. 

Mercuric cyanide HgCy,. 

Aureus cyanide AuCy. 

Cuprous cyanide 'On'^Cy,. 

Ferrous cyanide r^^Jr 

Cobaltous cyanide. C<>Cy,. 

Double Cyanides, 

Dipotassic zincic tetracyanide K^",Cy^. 

Dipotassic cadmic tetracyanide K,Cd", Cy^. 

Dipotassic nickelous tetracyanide K^Ni", Cy ^. 

Potassic argentic dicyanide KAg, Cy,. 

Potassic aurous dicyanide ,... KAu,Cy,. 

Potassic auric tetracyanide KAu^'^Cy^. 

Dipotassic cuprous tetracyanide K^'Cu',, Cy^. 

Dipotassic platinous tetracyanide K^^"> Cy^. 
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Tetrapotassic diplatinic decacyanide KJ'Pt"\Cj^Q. 

Tetrapotassic ferrous hexacyanide. (Po- 

tasaic ferrocyanide.) K^Fe"Cy,. 

Hexapotassic diferric dodecacyanide. (Fo« 

taseie ferricyanide.) K^/Ye"'fij^ 

Heiu&potaasic dicobaltic dodecacyanide. 

(PotaBsic cobalticyanide.) 'K^/Co"\Cj^^. 

Hexapotassic dichromic dodecacyanide ... K^, 'Cr^'^Cyi,. 

Hexapotaasic dimanganic dodecacyanide . . . K/Mn'",, Cj^^ 

The cyanides of the alkali metals when fused in contact with 
air, absorb oxygen, producing cyanates : — 

KCy + O « CyKo. 

Potaosio Potaasio 

oyanide. ayuaate. 

Some of the single cyanides, as potassic cyanide, are readily 
decomposed by acids ; others, as ferrous and aurous cyanides, 
may be boiled with moderately strong acids without decom- 
position. 

Most of the insoluble single cyanides dissolve in solutions of 
the allcaline cyanides, forming double cyanides. Some of these 
double compounds, when acted upon by hydrochloric acid, evolve 
hydrocyanic add, producing chlorides of both metals, as in the 
case of dipotassic zincic tetracyanide. These are called easily 
deoompasdtte cyanides, and are indicated in the above Table by 
the comma being placed between the cyanogen and the metals. 

Other double cyanides do not evolve hydrocyanic acid 
under the influence of hydrochloric add, but produce a 
chloride of one of the metals, the remaining elements of the 
compound uniting with hydrogen to form a complex acid. In 
the above Table the double cyanides of this class are indicated by 
the comma being placed between the metals. 

The most important of these double cyanides are the po- 
tassic ferrocyanide K4,!Fe"Cy„ and the potassic ferricyanide 
K„Te'"aCyi^ 



l6 
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FOTASSIG FERROCTANIDE. 

K„Fe"Cy,orK,Cf7. 

Preparation. — 1. By placing a mixture of iron filings with 
solution of potassic cyanide in contact with the air, oxygen is 
absorbed and potassic ferrocyanide produced : — 

Fe + 6KCy + OH, -h O = K,re"Cye + 2KHo. 

FotoMio Water. Fotaadc Potaane 

Cfanide. fiBrrooyanide. bjdrate. 

2. By digesting potassic cyanide with ferrous sulphide : — 

PeS" + 6KCy = K,Fe"Cye + SK,. 

FerrouB Potaasio Potaaaio Potaaate 

aolphide. ojanide. feirooTaiuda. aolphide. 

3. On a manufacturing scale it is prepared by fusing nitroge- 
nous animal matter with potassic carbonate and iron filings in 
iron vessels, Uxiviating the resulting mass with water, and ciys* 
tallizing. 

Beactions. — 1. Potassic ferrocyanide, when fused with po- 
tassic carbonate, forms potassic cyanide and cyanate : — 

Fe"Cy.K, + OOKo, =» 5K0y + CyKo + Fe + CO,. 

Potaaaio Potaido Potaaaio Potaaaio Oifboiitc 

farrocTanide. oarbonato. oyanide. emanate. anhjdzide. 

2. By mixing solution of potassic ferrocyanide with ether and 
hydrochloric acid, hydroferrocyanic acid is precipitated : — 

Fe"Cy,K, + 4HC1 « 4KC1 -h Fe"CyeH,. 

Potaaaio Hjdroohlorio Potaaaio . Hydro fe iw iey anie 

ferrooyanide. aoid. ohloride. aoid. 

3. Potassic ferrocyanide produces, with solutions of ferrous 
salts, a light-blue precipitate, which rapidly becomes dark blue 
in contact with the air : — 

Fe"CyeK, + SO,Feo" = Fe"CyeFe"K, + SO,Ko,. 

Potaaaio Ferrona Light-blue Potanie 

ferrooTanide. inlphate. precipitate nil|rfiala. 
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4. "With ferric saltB it gives pruBsian blue : — 
3Fe"Cj.K, 4- 2Pe,Cle « 3Fe"Cy^ Te";Cy„ + 12KC1. 

Potasaic Ferrio Fnusiftnblae. Fotaano 

ferroQTBiiidA. chloride. chloride. 

5. With cupric salta it gives a red precipitate of cupric ferro- 
cyanide : — 



K,Fe"Cy. + 


2SO,Cuo" 


s 


Cu".Fe"Cy. 


+ 


2SO,Ko,. 


Potaano 


Cupric 




Oaprio 




Fotaaic 








ferroojanide. 




mlphato. 



FOTASSIC FEBBICTANIDE. 

K:,Te'".Oy,. or K.Cfdy. 
« PreparoHon. — By the action of oxidizing substances, such as 
chlonne and nitric acid, on potassic ferrocyanide : — 

2KJ'e"Cy, + CI, « K'^e"',Cy^, + 2KCL 

Potaosic Fotaaric Potaaaio 

feiTocyaiude. ferriograoide. chloride. 

BeacHon, — Potassic ferricyanide produces no precipitate with 
solutions of ferric salts^ but causes a deep-blue precipitate with 
ferrous compounds : — 

K'eFe"',Cy,. + 8S0,Peo" « Fe'VW'^Cy,. + 3SO,Ko,. 

Potaano Fenoiu sulphate. TornboU's blue. Potaaaio 

ferricTaiiide. suIphaU. 

OTHEB OOMPOUimS OF CTATOOEN. 

There are three isomeric chlorides of cyanogen : — 
CyCL Cy.Cl,. Cy.Cl,. 

Oaaeoaa. Liquid. Solid. 

The molecular volume of all three cyanogen ehhridee ie I I 1 . 

1 litre offfoseous cyanogen chloride weighs 61*5 criths, 

1 Utre ofvofowr of liquid cyanogen chloride weighs 123 „ 
1 litre ofvapowr of solid cyanogen chloride weighs 184'5 „ 

Cyanogen produces, with hydroxyl, three isomeric acids and 
an isomeric neutral body : — 
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Cyanic add CyOH or CyHo. 

Cyanuric acid Cy,0,H, or Cy,Ho,. 

Pulminuric acid CyjOjH, or Cy,Ho,. 

Cyamelide Cy„0«H, or Cy„Ho,. 

When potassic cyanide is boiled with sulphur, the latter is 
dissolved and the solution contains potassic sulphocyanate : — 

CyK + 8 « CyKs. 

Fotaano PotaMio 

oymnide. salphooyanate. 

This compound produces with ferric salts a blood-red colour. 



OXATTL. 

fOOHo 
\OOHo- 

This radical, in the isolated, condition, constitutes dry oxalic 
add ; and in combination with hydrogen and other radicals it 
enters into the composition of nearly all organic adds. Adds 
containing one atom of oxatyl are monobasic, those contain- 
ing two atoms are dibasic, and those containing three are tri- 
basic. 

The relations between methyl, oxatyl, and cyanogen are very 
simple : — 



Cyaaogan 
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In methyl the two carbon atoms are united together by one 
bond of each, the remaining three bonds of each atom being satu- 
rated by three atoms of hydrogen. In cyanogen the carbon atoms 
are united in the same manner, but the three remaining bonds 
of each carbon atom are saturated by triad nitrogen ; whilst in 
oxatyl the three remaining bonds are saturated with the dyad 
oxygen and the monad radical hydroxyl. 

Oxatyl has not been united with chlorine to produce oxatylic 
chloride (COHoCl) ; nor has its hydroxyl been replaced by chlo- 
rine to form -J QQQi' When treated with phosphoric chloride, 
it yields carbonic oxide and carbonic anhydride : — 

{ OOHo + ^Cl. = CO + CO, + 2HC1 + POCl,. 

OxtttyL Phoiphorio Cwbonio Carbonic Hydrodhlorio Fhoaphorio 

ohloride. oxide, anhydride. add. ozytriclUoride. 



OXALIC ACID. 

{cOHo'20H, (crystallized). 

Occurrence, — In the form of the hydric potassic salt in Oaalu 
acetoeella, and in the form of different salts in many other 
plants, and also in the animal organism. 

JPreparation. — 1. From its elements through the medium of 
cyanogen. (See p. 222.) 

2. By the oxidation of a large number of organic compounds. 
Most organic substances are converted by oxidizing agents 
into oxalic acid before their final transformation into carbonic 
anhydride and water : thus sugar is transformed into oxalic add 
by the action of nitric acid. 

8. By heating sawdust with a mixture of potash and soda, 
oxalates of these bases are formed. 

TrantformaUons, — 1. By the action of heat, oxalic acid is trans- 



I ^ 
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formed into carbonic anhydride and oxatylic hydride, or formic 
acid : — 

rooHo ^ en -l 1^ 

tCOHo " ^^» + \COHo' 

Oxalio ftdd. Carbonio Formic add. 

anhydride. 

A portion of the formic acid is at the same time decomposed 
into water and carbonic oxide :— 



OOHo = 


= OH. + CO. 


Formic add. 


Water. CarboniQ 
oxide. 



2. Substances having a strong attraction for water, as sul- 
phuric acid, transform oxalic acid into water, carbonic oxide, 
and carbonic anhydride : — 

{coll = CO + CO, + OH,. 

Oxalic add. Carbonic Carbonic Water, 

oxide. anhydride. 

3. Heated with an excess of alkali^ oxalic acid (or an oxalate) 
yields hydrogen and a carbonate : — 

{coio + 2KHo = 2O0K0. + H,. 

Fotaadc Potaesio Fotaamc 

oxalate. hydrate. carbonate. 

4. Argentic oxalate explodes when heated, producing silver 
and carbonic anhydride : — 

{?&Z -«'<>. + **• 

Argentio Curbonio 

oxaUte. aohTdride. 

Saltt ofOxalie add. — Oxalic acid forms three series of salts: — 
Normal. Add. Supendd. 

fCOKo JCOHo fCOHo fOOHo 

toOKo- tOOKo- \COKo' tCOHo" 

rOOHo 
I CO 



fOO 
\CO 



Bao". < Bao" 



1: 



CO 
COHo 
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OXAmC ACID. 

fO0(N"'H-) .fOOAd 
(oOHo "'jCOHo- 

Preparation. — By heating hydric ammonic oxalate to 230°: — 

fO0(NTa,0) _ /OOCN'-HO . OH 
\OOHo - tCOHo + ""»• 

Hydrio ammoBio Ozamio aoid. Wftter. 



Seaction, — By boiling oxamic acid with water it is retrans- 
formed into hydric ammonic oxalate. 



OXAIQBE. 

rCO(N'"H,)^ fCOAd 
\O0(N'"H,)^^\C0Ad- 

JPreparaiion. — 1. By distilling normal ammonic oxalate: — 

rOO(N-H,0) _ 20H , fCO(N'"H,) 
\O0(N<0) - ^^^> + lO0(N"':^)- 

Normal unmonio Water. Omnide. 

oxalate. 

2. By acting upon ethylic oxalate by ammonia : — 
jCOEto + 2"™' - tCO(N"'HJ + 2^*^^- 

Bthrlto Ammonia. Ozamide. Aloohol. 

oxaUte. 

BeactioM, — 1. Oxamide, when heated with phosphoric anhy- 
dride, evolves cyanogen : — 

rO0(N'"HJ ^ 2QJJ . fON'" 
t00(N"'H,) "= 2^^« + \ON'"- 

Oxamide. Water. Cyanogen. 

2. Dilute acids convert it into oxalic acid and ammonic 
salts : — 

fCO(N"'HJ . HOTTn J. 90TT /OOHo 

Oxamide. Bnlphano aosd. Water. Oxalioaoid. 

+ SO.(N^,0)r 

Ammonio ralpbate. 
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By distillisg the oxalates of the compound ammonias instead 
of ammonic oxalate, compound oxamides are obtained: — 

fO0(N^MeH,O) «r|Tx , rOO(N'"MeH) 

tOO(N-MeH.O) "= ^^^ ^ tC0(N'"MeH)- 

Methjlammonic oxalate. Water. Dimethyloiamide. 

fO0(N'PhH,0) „ 20Tr 4. /00(N"'PhH) 
tO0(N'PhH,0) ■" ^^^ "•" \CO(N"'PhH)- 

Phenjlammonio oxalate. Water. Dipbenyloxaznide. 



CHAPTER XXIX. 



HYDBIDBS OF THE COKPOXJVD RADICALS. 

This family is divided into two classes : — 

Glass I. Hydrides of the Basylous or Positive Radicals. 
Class II. Hydrides of the Chlorous or Negative Radicals. 



Class I. 

HTDSIDJSS OF THE BASTLOUS OB BOSITIVE 
BABICALS, 

Two series of hydrides belonging to this class are well known ^ 
they are: — 

1. Hydrides of the Radicals of the Methyl series. 

2. Hydrides of the Radicals of the Phenyl series. 



1. HTDBIDES OF THE BADICALS OF THE 
METSTL 8EBIES, MarsK-gas, or C,Hft»+i Seriet, 

There is some difference of opinion as to whether these com- 
pounds are identical or isomeric with the radicals of the methyl 



HTBRIBVS OF THE MARSH-OAS SERIES. 
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series. Thus methyl and ethjlic hydride both contain C,He, 
and ethyl and butyUc hydride both contain C«H„. The graphic 
formnlffi exhibit no difference between these pairs of bodies re- 
spectiyely. Thus : — 





MethjlarethyUohydridA Ethyl or batyUo hydride. 

These formula do not show us whether the molecule of 
methyl or ethylic hydridewill separate at a and so berepresented 

by the formula •{ tt^ '^^ ; or at b, and so be written thus, 

Q^* ; or whether the molecule of ethyl or butylic hydride 

will separate at e and so be formulated \ jS * '^^ ; or at d, 

when it should be represented by \ n^cH^^n!' ^^^^ experi- 
ments in connexion with this subject appear to show that these 
compounds are isomeric. 

A difference between methyl and ethylic hydride can only 
be conceived on the suppodtion that the four bonds of carbon 
have not equal values in combination, an hypothesis which is not 
altogether unsupported by facts. 

Preparation. — 1. There is only one process of general applica- 
tion for preparing these hydrides ; it consists in bringing water 
into contact with the zinc compounds of the respective radi- 
cals:— 



Zii(aHft.+i), + 



Zino oomponnd 
ofradioaL 



20H, 

Water. 



ZnHo, + 2 



ZiruAo 
hydrate. 



Hydride of 
radicaL 



The corresponding compounds containing more positive 
metals might doubtless be substituted for those of zinc. 

2. There are several special processes which may be used for 
preparing these hydrides. Thus all the hydrides above that of 
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methyl may be obtained, together with the corresponding dyad 
radical, by acting upon the iodide of the monad radical by 
zinc: — 

Iodide of the monad Zinoio ^J*^ Hjdzideof 

radioaL iodide. noioaL monad radieaL 

Methylic hydride, or marsh-gaB, is produced during putre- 
faction, and by the distillation of potassic acetate with excess 
of potassic hydrate. 

The destructive distillation of coal and of allied substances 
also furnishes a large number of the members of this series. 

OTuvraeter, — ^They are all distinguished by their great chemical 
indifference, and by their forming substitution compounds con- 
taining chlorine, bromine, <&c; 

The following list contains the hydrides of the monad radicals 
at present studied : — 

BoQinis-pouito. 

Methylio hydride, or Manh-gas MeH or C H^ 

Bthylic hydride EtH or O^ H, 

Propylic or taritylio hydride PrH or C, Hg 

Butylic or tetrylic hydride BuH or C^ Hm slightly abore (P 

Amylio or pentylic hydride AyH or Cj Hj, 2ff 

Hezylie or caproylic hydride CpH or C, Hj^ 68° 

Heptylio hydride C^ H„ 92-94° 

Octylic hydride Cg H,g 116-118* 

Nonylic hydride 0. IL^ 136-138* 

Decatylic hydride ^lo^ lGO-162* 

Endecatylic hydride CnHj^ 180-184* 

Dodeoatylic hydride C^^L^ 196-200* 

IWdecatylic hydride ^1%^ 216-218* 

Tetradecatylic hydride O^fi^ 236-240* 

Pentadeca^lio hydride O^'R^ 25&-260* 



METHYLIC HTDBIDE, Marsh-gaa, Light Carburetted 

Sydrogen, Mre-damp, 

CH, or MeH. 
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Molecular xoeight s 16. Molecular volume m » 1 litre weighs 
8 crithi. 

Oeeurrenee. — 1. As a product of the decomposition of organic 
substances out of contact with air. 

2. Evolved in coal-mines. 

8. The gas of the mud- volcano at Bulganak in the Crimea 
is nearly pure marsh-gas. 

Preparation. — 1. By the action of water on zincic methide. 
(See general reaction, p. 233.) 

2. By distilling two parts of potassic acetate, two of potassic 
hydrate, and three of lime : — 

{ooko + KHo = COKo. + CH.. 

Potawio Potaano Totaaaio Meth^Uc 

acetate. hydnte. carbonate. hydnde. 

8. By the reduction of carbonic chloride or of chloroform 
with sodium amalgam and water :— 

CCl, -f H, = 4HC1 4- CH,: 

Carbonio Hydrochlorio Methylic 

chloride. acid. hydride. 

OHCl, + H, = 8Ha + CH,. 

Chloroform. Hydroohlorid Methylic 

acid. hydride. 

4f. By passing carbonic disulphide and hydrosulphuric acid, 
or carbonic disulphide and steam, over ignited copper : — 

CS", + 2SH, 4- 4Cu = 4CnS" + CH,. 

Carbonic Stdphnretted Coprio Methjlic 

disulphide. hydrogen. ■olphide. hydnde. 

5. By the destructive distillation of organic substances, such 
as wood, coal, &c, 

Reaction. — When equal volumes of methylic hydride and 
chlorine are exposed to diffused daylight, methylic chloride is 
formed : — 

CH, -f.- CI, = HCl + CH3a. 

Methylic Hydrochloric Methylic 

hydnde. add. chlonde. 
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ETHTUC HTDBIDE. 

CjHj or CMeH,. 

MoUeular weight a 30. Molecular volume m . 1 lUre ioeigh^ 
15 criihs. 

Preparation. — 1. By the action of water on zincic ethide 
(see p. 233). 

2. By the action of etlijlic iodide on sodie ethide, ethylene 
being simultaneously produced : — 

CMeH^Wa + CMeH,I = Nal + C,H, + CMeH,. 

Sodic etidde. Ethvlio Sodio Ethylene. Bthjiie 

iodide. iodide. hydzide. 

Beactions. — 1. When equal volumes of ethylic hydride and 
chlorine are exposed to diffused daylight, the following action 
takes place : — 

CMeH, + CI, « CMeH^Cl + HCl. 

Ethjrlio ^Etfaylio Hydrochloric 

hydride. chlonde, acid. 

A small portion of the body CMeH,Cl is ordinary ethylic 
chloride, which is a liquid, boiling at 12^*5 ; but the rest is a gas 
which does not condense at — 18°. 

2. When a mixture of two volumes of chlorine and one of 
ethylic hydride is exposed to the action of dif^ised daylight, an 
oily liquid having the composition of ethylenic dichloride is 
formed : — 

CMeH, + 2C1, = C,H,C1, + 2HCL 

Eth^rlic Hydrochloric 

hydnde. add. 



AlfYLIC HTDBIDE. 

C^Hj, or CBuHg. 

Molecular weight =72. Molecular volume rTI ' 1 Hire of 
amylic hf^ride-vapour weighs 36 criths. BoiU at 30°. 
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Oeeurrenee, — In petroleum and coal-oil. 
Freparaiion. — Bj digesting zinc and amylic iodide with 
water or alcohol at 100*^ : — 

2CBuBy: + 2Zn + 20H, « 3CBuH, 

Amrlio Water. Amjrlio 

iodide. hydride. 

+ ZnHoa + Znl,. 

Zincio Zincio 

hjdrateu iodide. 



FAEAEFIN. 

This body is produced, together with numerous other com- 
pounds of a like nature, by the destructive distillation of bog- 
head coal and similar substances. It is also found in petro- 
leum and asphalt. If chlorine be passed into melted paraffin, the 
latter is slowly attacked, hydrochloric acid being eyolyed. In 
this reaction paraffin resembles the hydrides of the monad 
radicals, and differs from the dyad radicals, to which class it was 
formerly considered to belong. In the formula G»Hs»+sfor 
paraffin, the value of n has not yet been satis&ctorily deter- 
mined ; in fact it is probable that several distinct hydrides of 
the class now under consideration are confounded under this 
name. 



2. RTBBIDES OF TSE BADICALS OF THE 
FRENTL SERIES. 

The following five members of this series are known, viz. : — 

Boilinff- 
FonnnlA. pdnt. Sp. gc 

Benzol CeH, SO-S 0-85 

Toluol C.H, 1100 0-87 

Xylol C,H,„ 128-5 

Cumol C.H,, 148-5 087 

Cymol C,oH,, 171-4 0-86 

Freparation. — 1. These hydrides are produced by the distilla- 
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tion of the alkaline salts of the acida coataming the aame poei- 
tiye radicals, with excess of potassic hydrate: — 

PotaasioMlt FotaMio Poteario Hydride of 

hjdnte. oarbonate. nidiML 

2. By the destructiye distiUation of various organic sub- 
stances, such as coal. 

Fropertiet. — These hydrides are distinguished from those of 
the radicals of the C^Hsn^i series by being less indifferent to 
chemical agents. By treatment with strong mixic acid they 
yield nitro-compounds : — 

Thus Benzol, C^ H., gives nitrobenzol, C. H, (N^O,). 
„ Toluol, C^H,, „ nitrotoluol, C^H^(N'OJ. 
„ XyH C,H,„, „ nitroxylol, C,H,(N^O^. 

Cumol, C, Hj^ „ nitrocumol, C, B[,j(N'0 J. 

Cymol,C,oH,„ „ nitrocymol, C„Hi,(N^O,). 



n 



TTnder the influence of reducing agents, these nitro-com- 
pounds yield aniline and its homologues. 



BENZOL, Benzene, Benzine, Fhenylie Hydride, 

Bicarhuret of Hydrogen, 

C.H, or C(C,H,)H„ or PhH. 




Mbleeular toeight =78. Molecular volume rn * 1 li^re of 
henzoUvaipowr weighs 39 eriths. Vueez at 5^*5. BoiU 
ae8(f'5. 
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Oecurrenee. — ^In Bangoon petroleum and in coal-tar. 
I^reparatian, — 1. By heating benzoic acid with excess of lime 
OP baryta : — 

Benaoic add. lime. B«iisoL Caldo carbonate. 

2. By heating the vapour of benzoic acid to redness, when 
it splits into benzol and carbonic anhydride : — 

{COH?^ = OO, + C(C.H,)H.. 

Bensoio Mid. Carbonio BensoL 

anhydride. 

3. By heating phthalic acid with lime : — 

C.H.O, + 2CaO « C,H, + 2COCao". 

Fhthalio Lime. BeuoL Caldo 

aoid. carbonate. 

4. By passing fats through red-hot tubes. 

5. By the destructive distillation of coal. 

6. In small quantity, when the vapour of acetic acid or of 
alcohol is passed through a red-hot tube. 



SUBSTITUTION DERIVATIVES OF BENZOL. 
I. Bromo Oontpound*, 
XONOBBOHBEirZOL. 

C3H.Br. 
Boih at 160°. 

Preparation, — By acting with two atoms of bromine on boil- 
ing benzol : — 

CA + Br, « C^Br -h HBr. 

BenioL Monobrombensol Hydrobromio 

or phenvlio add. 

bromioe. 

DIBBOKBENZOL. 

JVwM at 89°. Boilt at 219°. 
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Fr^ixratian, — By treating monobrombenzol with excess of 
bromina 



TBIBBOHBENZOL HTBBOBBOKATE. 
CaHeBr.. 
Freparatian, — By exposing a mixture of benzol and bromine 
to the action of sunlight. 



TBIBBOHBENZOL. 
C.H.Br.. 

FreparoHon, — ^By boiling the previous compound with alco- 
holic potash. 

The following graphic formula show the probable atomic 
relations subsisting between benzol^ tribrombenzol hydrobro- 
mate, and tribrombenzol : — 




Beniol. 




Tribrombeniol. 
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n. ChlorO'Compounds. 

Benzol forms three cMoro- substitution compounds, similar to 
the bromo-compounds just described. 

Stete of Fnsiiiff- Boilioff- 

aggregatioii. pom£ point fSp.gr. 

Monochlorbenzol... C,H,C1, Liquid... 136°. 

Dichlorbenzol CeH^Cl,, SoHd ... 89°. 

Trichlorbenzol C,H,C1„ Oily ... 210° 1-467. 

in. Mtr(heompaunds. 

Two only have hitherto been produced. 

Nitrobenzol CeH.CN^OJ or N(C.H,)0,. 

Dinitrobenzol CeH,(N^O^, or N,(CeHJ"0,. 



KITBOBENZOL. 

N(C,H,)0, or NPhO,. 

Molecular vmght »12d. Molecular volume I I L 1 litre of 
nitrobenzol vapour weighe 61*5 crithi. Fusee at 8°. 
Boih at 220°. 

Preparation, — By the action of nitric acid on benzol : — 

C(C.H,JH, + NO^Ho = N(C,H.)0, + OH,. 

BensoL Kitrioadd. IfitrobensoL Water. 

Beactions. — 1. By the action of reducing or hydrogenating 
agents, as zinc and hydrochloric acid, sulphuretted hydrogen, 
acetic acid and iron* or potassic arsenite, nitrobenzol is con- 
verted into aniline : — 

N(C,HJO, + 3SH, = N(C.H3)H, + 20H. + S. 
or C.H.(N-OJ + 3SH, = Cefl.(N'"HJ + 20H. + S,. 

KitrobensoL Sulphuretted Ajuline. Wafeer. 

hydrogen. 

M 
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The relation between nitrobenzol and aniline will be 
the following graphic formuLe : — 



in 




2. By the action of sodium amalgam and water, nitrobeniol 
is converted into azobenzol, and finally into benzidine : — 



2N'(C.H.)0, + H, 

NitrobenioL 



../N(C.H,) 
IN(C.H.) 



+ 40H,. 



Water. 



"|??(C.H.) 



N(C.H.) 

Asobeniol. 



+ H. 



fN(C.H.)H 
tN(CA)H- 

Bensidine. 



DINITBOBENZOL. 

Fmcs heloto 100°. 

Preparation, — By treating nitrobenzol with a mixture of 
concentrated nitric and sulphuric acids. 

Beactian, — By the action of sulphuretted hydrogen, dinitro- 
benzol is converted into nitraniline : — 



N,(C.H,)"0. + 

DinitrobeiUEol. 



8SH, 



Snlphttretted 
hydrof^en. 



NO- 

(C,dj" + 20H, + S.. 

NH, 

mtnailine. Water. 
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GLAiSB n. 

HTDUIDES OF CHLOBOUS OB NEGATIVE 
BAJDICALS. 

Only two of these are known : — 

Cjanic hydride op Hydrocyanic acid. 
Ozatylic hydride or Formic acid. 
The first has already been considered (p. 228) ; and the second 
will be more conveniently studied in connexion with the fatty 
acids (p. 804.). 



CHAPTER XXX. 



THB ALCOHOLS. 

The alcohols form one of the most important of the families of 
organic compounds. The simplest member of this family is 
methylic alcohol, which is deriyed from marsh-gas by the sub- 
stitution of one atom of hydroxyl for one of hydrogen. 



CH,. 

Ifanh-gH. 


OH,Ho. 
© 

®-(5K2>-© 

MetbyUc alcohol. 



The alcohols have been termed the hydrated oxides of the 
basylous radicals ; but this is erroneous, as they do not contain 
water. They may more correctly be defined as the compounds 
of hydroxyl with the basylous organic radicals, whence it 
follows that each series of basylous radicals forms a correspond- 
ing series of alcohols. The alcohols act upon and saturate 
acids, forming a fiunily of compounds termed ethereal salts, 

h2 
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The acidity or acid-saturating power of tlie alcohols depends 
upon the number of atoms of hydroxyl which they contain : 
the monad radicals give monacid alcohols, the dyad radicals 
diacid alcohols, &c. We have thus the annexed three principal 
subdivisions of the alcohol family. 



Diadd. 
Glycol or OJI^o^ 



0l7O6rinorC»Hsto-iHO) 



Methyl or C„HftH-iHo 

series. 
Vinyl or C„Hji,_iHo 

aeries. 
Phenyl or C„Hs»_7Ho 

series. 

The following symbolic and graphic formulae will exemplify 
the arrangement of the bonds in these three subdiyisions : — 

Monacid JlcohoU. 

Propylic alcohol. 1 mnx • /CCCELjH, 

(Mhifl series.) \ = ^'-H.Ho or jc^gj/^. 




Allylic 



Ivlic alcohol. \ _ c TT TTn n. / C(CH,)"I 
(Vtuffl series,) j ^ ^'^'^^ ^^ j CH^tfo 




Benzoic alcohol. 1 
{Fhenyl series.) J 



/C(C^)H, 

.0 



© 
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Propylenic alco- 



Diacid AlcohoU. 



•opylenic alco-1 f/^/mrMnr 

hol,orpropyUcl « C.H^o, opjg^)™^ 
glycol J ^ *^ 



Glycerin 




Triacid Alcohols, 

fCMo 
= C,H.Ho, op^CHHo. 




MONACID ALCOHOLS: 

Methyl or C„Hjj^iHo series. 

These alcohols may be divided into three classes viz. : — 

1. Monacid normal alcohols 



secondary 
tertiary 



rC(CJB[^,)H, 

1 C(C.H.^,^Ho- 

fC(C,H^O^ 
lC(C.H,^0.6o- 



In the general formula of the normal alcohols n may =0, 
and even the whole radical CCC^Ha^OH, may be replaced by 
hydrogen, as is the case in methylic alcohol. In the formulse 
of the secondary and tertiary alcohols n may also =0, but m 
must always be a positive integer. 
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NORMAL MONACU) ALCOHOLS, 

General fonaula | ^§§^'^^' 
The following is a list of the members of this class : — 



{JT 
C] 



ch;ho 



points. pointe. 
66^-5. 



EthyUcaloohol {ct^Ho ^^'^^ 

(Enanthylio or heptylio f OAyH- ^, / C(O.Hii)H, 
alcohol .:..... .loH,Ho ^'10H>) 

'^S22r:::.^!^..^:{g^]^oor^ — m^, 

CetyUc alcohol {o^^^^' 49»-o0^ 

Cerotio alcohol (om'^"^^ ^^* 



MeliiBic alcohol (o^l^"^^ ^*'* 

The lower members of the class are liquid, and the higher 
solid. There is a rise of about 19^ in the boiling-point for 
every addition of CH,. They are produced in a variety of 
operations, such as destructive distillation, fermentation, and 
animal secretion, but by reactions which cannot usually be 
traced. 

Belationa of the normal CnHjH^iHo alcohols to the monad C^^^^ 

radicals, 
1. The radicals C„H»^| which are combined with hydrozyl in 
the normal alcohols may be separated, by first converting the 
alcohol into an iodide (see p. 283), and subsequently acting on 
the iodide by zinc (see p. 209). 
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2. The radical next lower in the series, than that contained in 
tHe alcohol, may be obtained bj converting the alcohol into the 
corresponding fatty acid, and then submitting a salt of this acid 
to electrolysis (see p. 209). 

3. Inyersely, the normal alcohols may be obtained by acting 
upon the radicals with chlorine under the influence of light, when 
one atom of hydrogen in the radical is displaced by chlorine. 

Thus in the case of methyl we have 

{c5 + Cl, - {g^^ + HCl: 

Methyl Chlorinatod Hydrochloric 

meUiyL Mid. 

by the action of potatsic hydrate upon this chlorinated me- 
thyl, ethylic alcohol is formed, thus : — 

{c|ci + KHo - {g^^ + KCl. 

■ Chlorinated Fotaono BthjUo Potaaao 

methyi hydrate. aloohol. chloride. 

This reaction requires further inrestigation (see p. 248). 

BeloHona of the normal C»H,^iHo aloohoU to the dyad C»H^ 
radicaU. 

1. The C JI^ radicals are obtaiQed from the normal QJS^^^^o 
alcohols by the abstraction of the elements of water : — 

EthrUc Water. Bthylene. 

aloonoL 

2. Inyersely, the normal alcohols are obtained from these 
radicals by first uniting the latter with hydrochloric, hydro- 
bromic, or hydriodic acid, and then treating the product witli 
potassic hydrate : — 

. "(^ + ='^ = (^c- 

Ethylene. Hydrochloric Ethylic 

acid. chloride. 

{c^ci + KHo = {gg;^^ + KCl. 

BthyUc Fotaadc BthyUc Fotaano 

chloride. hydrate. alconoL chloride. 
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Or hj uniting the dyad radicals with sulphuric add, and 
distilling the product with water : — 

SO,Ho, -h 0,H, = SO,Ho(C;ff.O): 

Snlphnrio Ethylene. Snl^^viiiio Mid. 

actd. 

SO,EtoHo + OH, « SO,Ho^ + EtHo. 

Solphcmmo Water. Solpliario BthTlxo 

aoid. add. akxmdL 



BelatioM of the normal CJl^^Jlo ahohoU to the hydridee 
of the CmH2i^i radiedls. 

1. When the alcohols are converted iirto iodides (see p. 283) 
and the latter digested with zinc and water at 100°, the oorre- 
sponding hydrides are produced (see p. 237). 

2. When the hydrides of the C^H,m+i radicals are acted 
upon by chlorine under the influence of light, they produce 
the chlorides of the radicals, from which the alcohols may be 
obtained by the action of potassic hydrate : — 

EtH + CI, = EtCl + HCL 

Bthjiio Bthjlio Hydrodklo- 

hjdride. chloride. no add. 



EtCl -h KHo = EtHo + KCl. 

Efchjlio Potaado BthrUo Fotaado 

diloride. hTdrate. aloonoL ehlaride. 

The greater quantity of the chlorine compound so formed is 
isomeric with the chloride of the radical, and possibly gives a 
corresponding isomeric alcohol. 

Relations of the normal G«n,M+iHo alcohoh to the radiedl cya- 
nogen. Ascent of the alcohol series, Mendius*s reaction. 

By the dry distillation of potassic sulphovinate and its homo- 
logues with potassic cyanide, the cyanides of the radicals are 
produced: — 



JO^EtoKo 


+ KCy « 


SO,Ko, 


+ EtCy. 


Potaado 


Potaado 


Potaado 


Bthylio 


ralphonnato. 


ojanide. 


flolphate. 


<7aiiide. 
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By treatment with nascent hydrogen, this cyanide is con- 
verted into propylamine : — 
NC(CMeH,) + H, « N[0(OMeH,)HJH, or NPrH,. 

Bthflie ajtaade, Propjlamizie. 

By the action of nitrous anhydride, propylamine is trans- 
formed into propylic alcohol : — 
2NPrH, -I- N,0, = 2PrHo -|- OH, -»- 2N,. 

Propjlamine. Kitroos Propjlio Water. 

Anhydride. aloonoL 

It is obvious that by repeating these reactions on propylic 
alcohol, butyHc alcohol would be obtained, the homologous 
series of alcohols being ascended one step at each repetition of 
the process. 

KETHTLIC ALCOHOL, Wood Spirit, FyroxyUc Spirit. 
CHjHoorMeHo. 
Molecular weight =82. Molecular volume \ I 1 . 1 litre of 
methylic alcohol vapowr weighs 16 criths, Sp. gr. 0*798. 
Boils at 66°-5. 
Preparation, — 1. From marsh-gas, by the action of chlorine 
and subsequent treatment with potassic hydrate : — 

CH, -h CI, = OH,Cl + HCl; 

Manh- Heth^Iio Hjrdrochlo- 

gafl. chlonde. no aoid. 

CH3CI + KHo = CH,Ho + KCl. 

Methylio Fotaaaio Methylic Potaaaie 

chlonde. hydrate. alcohol. chloride. 

2. From the essential oil of Gaultheria procumhens, by the 
action of potassic hydrate — 
C^H^OMeoHo -}- KHo = O^H^OHoKo -h MeHo. 

Oilc^OauUkeriamro- Fotaaaio Fotaaaio aalicylate. Methylic 

etmbens. (Metho- hydrate. aloohol. 

aali(7lic aoid.) 

8. By the destructive distillation of wood. 
Reactions. — 1. Methylic alcohol unites with some salts in the 
capacity of water of crystallization, as, for instance, — 
CaCl,, 2MeHo. 

m5 
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2. By the action of potaasium and sodium, methylates are 
fonned with elimination of hydrogen : — 

CH,Ko. Cm;Nao. 

FotMBO Sodio 

methylate. methjUte. 

3. By oxidation it is transformed into formic acid : — 

{ct,Ho + O. » {goH^ + OH.. 

Methjlio FocmioMid. Water. 

aloonoL 

4. When distilled with calcic chloro-hypochlorite (ehhride of 
lime) and water, chloroform is produced. 

rcaci 

O 
Ca" 

+ 30H,. 



2CH,Ho + 4rCa(0Cl)Cl = 2CHC1, + 



I Ca" 
12 



vOaCl 

Methjlio Cftloto ohioro- Chloiofimn. Cakioaij- Water. 

aloohoL hypochlorite. chloride. 

ETHTLIC ALOOHOL, Alcoholy SpirU of Wine, 

{chIho^^^^^- 

Molecular weight =46. Molecular volume 1 I 1 . 1 litre of 
ethylic alcohol vapour weighs 28 eriths, Sp, gr, 0792 at 
20^ BoiU at 7S'''4<, 
Preparation, — 1. From ethylene (p. 247). 
2. By the fermentation of grape-sugar with yeast at about 
220. 

C.H„0. = 20^,Ho + 2O0,. 

Grape-flDgar. Ethrlio Carbonic 

aloonoL anhydride. 

At the same time, however, other products are formed, but 
in very small quantities. 

Beactions. — 1. Treated with potassium or sodium, alcohol 
forms ethylates : — 

fOH. fCH, 

\CH,Ko- tCH,Nao- 

PoUuio Sodio ethrliAe. 

ethrkte. 



MEBCAPTAK. 251 

2. When passed through a red-hot tube, alcohol is decom- 
posed into marsh-gas, hydrogen, and carbonic oxide : — 

C^H^Ho « CH, + H, + CO. 

Ethvlic Hjonh- Oarbonio 

alooAoL gas. oxide. 

Small quantities of ethylene, benzol, and naphthalin are 
simultaneously produced, whilst carbon is deposited. 

8. Sy oxidation, ethylic alcohol is converted first into alde- 
hyde, and then into acetic acid : — 

(^ + O - {g^H + OH, 

Ethvlio Aldehyde. Water. 

aloohoL 

JOH,_ ^ o = JOH, 



ook + o "= jooko- 



+ o 

Aldelijde. Aoetio add. 

4. Distilled with chloride of lime, ethylic alcohol produces 
chloroform. 

Alcoholates are salts containing alcohol in the place of water 
of crystallization; they are mostly decomposed immediately by 
water. 

The following are known : — 

aSnCl,, 2C;ff,Ho. 
OaCl,, 4C^.Ho. 
N,0,Mgo", 6C^,Ho. 



MEBCAPTAir, SuJ^hii/r Alcohol, JEth/lic mlphhydrate^ 
Syd/ro9ulfhate of Ethyl, 

Mblecuhr weight >«62. Molecular volume 1 I ] . 1 litre qf 
mercaptan vapour weighs 81 crithe. 8p. gr. 0'8d5. BoiU 
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Preparation. — Bj distilling potassic sulphovinate with po- 
tassic siilphhydrate : — 

SO,EtoKo -h KHs « EtHs + SO,Ko,. 

Fotaoaio Fotaado Meroapton. Foteane 

■ulphoyinate. mlphhydrate. Balphate. 

Reactions, — 1. By the action of potassium and sodium on 
mercaptan, an atom of hydrogen is displaced by the metal, pro- 
ducing mercaptides : — 

fCH, fOH, 

tCH^Ks- tCH^Nas- 

Potaaaio Sodio 

ineroH»tide. meroaptide. 

2. Mercaptan acts upon mercuric oxide with great energy, a 
white crystalline mercuric mercaptide being formed : — 

/OH, 
2{o|hb + H80 = }g|Hgs" + OH, 

tOH^ 

Meroapten. Mercnrio Meroano Water, 

oxide. meroaptide. 

ProptfUc alcohol, \ nn^fe' ^ obtained from the fusel oil 
of the marc brandy of the south of France. 

Butylie alcohol, \ q^ ^^ ^ contained in the fusel oil pro- 
duced in the preparation of spirit from the molasses of beet- 
root sugar. 

r CPrH 
AsnyUe alcohol, \ ^tt tt' ^b the chief constituent of the fusel 

oil obtained in the manufacture of alcohol from potatoes- or 
grain. 

As far as these alcohols have been studied, they resemble, in 
their chemical relations, the two previously described. 

SECONDARY MONACIB ALCOHOLS. 

General formuk...{gfg5^))%^^ 

The secondary alcohols differ from the normal in yielding 
by oxidation ketones instead of acids. 
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Three secondary alcohols are at present known :— 

OafeHHo- 

Fseudamylic alcohol 1 CP HH ' 

Pseudohexylic alcohol | oSSho* 

The first is obtained by the action of nascent hydrogen on 
acetone: — 



{cOMe 



coke + ^» - {oMeHHo- 

Aoetone. Isopropylio aloohoL 



The relation existing between ethylic alcohol, propylic 
alcohol, and isopropyUc alcohol, wiU at once be evident from 
the following formnl© : — 

fCH, rC(CH,)H, fCH, 

\CH,Ho- tCH^Ho • tC(CH3)HHo- 

Bthylio alcohoL Propylic aloohoL Isopropylic aloohoL 

Prom these formulae it is seen that propylic alcohol is ethylic 
alcohol in which one atom of hydrogen in the methyl (or non- 
oxygenated part of the compound) is displaced by methyl; 
whereas isopropyUc alcohol is ethylic alcohol in which one atom 
of hydrogen, in the oxygenated part of the compound, is dis- 
placed by methyl. 

Ethylic alcohol boils at ... TS*'-* 
Propylic alcohol „ ... 96 
IsopropyUc alcohol „ ... 87 

Thus, by substituting an atom of methyl for one of hydro- 
gen in the non-oxygenated part of the alcohol, the addition of 
CHjj raises the boiling-point 17°"6 ; whilst, if an atom of hy- 
drogen in the oxygenated part be similarly displaced, the same 
addition only raises the boiling-point 8°'6. 

IsopropyUc alcohol yields by oxidation a ketone, and not an 
acid. The radical oxatyl being a necessary constituent in 
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organic acids, it will be seen from the following equations that, 
although propylic alcohol can be converted into an acid without 
the disruption of its carbon atoms, isopropylic alcohol cannot 
be so transformed : — 



BthyUo ftloohoL 



JCH. 



(oSko + OH.. 



Aoetioaoid. 



Water. 




fC(CHJH, o 

[CH,Ho T "» 

Pn^ylic aloohoL 





OH,.. 

Water. 



0(CH.)HHo + ^ 



00(CH^ + O^- 

Aoetone. Water. 




TEBTIABT 3£0NAQID ALCOHOLS. 



VINYL SEBIIK8 Of MONACID ALCOHOLS. 
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One of these alcohols has recentlj been obtained, but little 
is jet known of its reactions. 

l*seudobutylic alcohol^ \ nii^eKo' ^^ heen produced hj 

acting with zincic methide on acetylic chloride, and submitting 
the product thus obtained to the action of water :-* 

{cSbl + 2Z»Me, - {g5e.(Zn"MeO) + ^^^^^■' 



Aoe^lie 
chloride. 



Zindo 



Zincic ohlor- 
methide. 



Water. 



{cn^e^o 

Ffendobutrlio 
alooboL 



-h OH^ + ZiiHo,. 

Zindo 
hydrate. 



MethyUo 
hydnde. 



0-0-O 




/OH, 
0' lO(CHJ,Ho- 



Piendolratylic aloohoL 



CHAPTER XXXI. 

MONAQID ALC0R0L8: 
Vinyl or G^^Hsn-iHo series. 
The normaralcohols only of this series are known; and of 



256 THE ALCOHOLS 

these but two haye been obtained : — 

CH. 



VinyUc alcohol •■"fcHbo °' CMe"HHo. 
AUyUc alcohol ... {%^Z- 





Vinjlio aloohoL 



Allylio aloohoL 



TINTLIC ALCOHOL. 

Preparation. — "By combining acetylene with sulphuric acid 
and distilling the product with water, in the same manner as in 
the preparation of ethylic alcohol from ethylene (p. 248) : — 



SO,Ho, 

Solphorio 
•dd. 

SO.(C.H,0)Ho 

SnlpboTinjlio add. 



+ O.H, 

Aoetjlene. 



OH. - 

Water. 



SO,(C,H,0)Ho. 

SolphoTinylic aoid. 



SO,Ho, 

Solphnrio 



+ CMe'HHo. 

Vinylic 
aloonoL 



This alcohol is isomeric with aldehyde and with ethylenic 
oxide ; — 



jCHfao 



Vinylic 
alcohol. 



{cob 

Aldehyde. 

f"OH 



{Si:- 

Ethylenic 
oxide. 



K the above, and not < nH Ho* ^® *^® ^^® formula for 
vinylic alcohol, it is obvious that this body could not yield an 
acid by oxidation ; but if the latter formula represent vinylic 

{"CH 
COH ' 

homologous with acrylic acid. 
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ALLTUC ALCOHOL. 

fCMe'H .„„ 

BaiU at 103°. 

PrepiuroHan. — Glycerin, when submitted to tlie action of di- 
phosphorous tetriodide, yields allyHc iodide : — 

rCH^o /,(CH, 

"P»V, + 2 \ OKKo = 2 |CH + 2P0HH0, + I,. 
lCH,Ho )CH,I 

Diphotphoroas Olyoerin. All^lio Phoephoroos , 

tetriodide. iodide. add. 

The allylic iodide is then decomposed by argentic oxalate 
when allylic oxalate is formed : — 

AU^lio Argenfcio AUvlio Aiventio 

iodide. oxalate. oxalates iodide. 

The allylic oxalate is next decomposed by ammonia, when 
oxamide and allylic alcohol are produced : — 

fOOAllo , n^ro- _ fCO(N"'By , ^.,,^^ 

AUtHc Ammonia. Ozamide. Allylio 

oralafcfi aloohoL 

BeacHoM, — 1. In all ordinary reactions, allylic alcohol 
behaves like ethylic alcohol. By oxidation itgiyes acrylicacid: — 

fCMe'H . o ^ fCMe"H . q„ 
tCH^Ho + ^a - tcOHo + ^^• 

Alljlio AotUc Water. 

aloohoL aoid. 

2. With phosphoric anhydride it yields allylene — 




"{ 



0(CHJ" 
OH, 
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Among the ethereal salts of allylic alcohol, the aolphlde and 

aulphocyanate occur in nature as garlic and mustard oils : — 

^OMe"H 
CH, 

S" 

OMe"H 

AJlyUo 



il 



siupJl: 
(GarUo 



iTlio 



oiL) 




CHAPTER XXXIL 
MONAOID ALCOHOLS: 



Phenyl or CJ^tn^j aeries. 

These alcohols may be divided into a normal and a secondarr 
class. The members of the first class possess the general 
character of the normal alcohols of the ethyl series, while those 
of the second class exhibit slightly add characters. 



Class I. Normal Alcohols. 

General formula (c^^**^^^^* 

Normal pheny lie alcohol... -j nn t;o *• 
Benzoic alcohol* {c^S'^^'- 
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Cumylic alcohol \ CILKo 

SycoceryUc alcohol | c^L^"'^'^'- 

Glass II. Secondary Alcohols. 
G«ne«dfonnula { CC^cfc^o- 

In this formula m may =sO, but n must be a positive integer. 

Phenylic alcohol. Carbo- f C!^ 
He acid* \ C(C,H)HHo' 

CresyUc alcohol t {cOc!h)HHo- 
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Class I. NORMAL ALCOHOLS. 
BEKZOIC ALCOHOL. 

\ OHjffo 
BMs at 204''. 

Preparation, — 1. By treating oil of bitter almonds with alco- 
holic potash : — 

Bensoio aldehyde. Potaorio Beuoic aloohoL Potnwrfo 

<Oil of bitter hydrate. beosoafee^ 

ahnondfl.) 

2. Benzoic alcohol may also be obtained from toluol by first 
converting the latter into toluylic chloride by the action of 
chlorine — 

TolnoL Tolnylio dhloride. Hydrodilocie 

(Toluylic hydride.)' 



and then submitting the toluylic chloride to the action of po- 
tassic hydrate : — 

Tola]^o PotMUO Bensoic PotMrie 

chloride. hydrate. aloohoL oUande. 



Class n, SECONDABT ALOOHOLa. 
¥BESYUC ALCOHOL, Carbolic Aeid, Phentflie Acid. 

Moleculafr weight Bsd4i. Molecular volume rn « 1 ^*^re of 
phenfflic alcohol vapour weighe 47 crithe, 8p, gr. 1'065 at 
18°. Futes at 84° Boils at 188°. 
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Oeewrrence. — ^In coal-tar, and in small quantity in the urine 
of man, of the cow, and of the horse. 

I^reparation, — 1. By the distillation of salicylic acid with 
baryta or lime : — 

fOrC(C.H)H.]HHo _ fCH, «q 

\OOHo - tO(C.H)HHo + ^"«- 

Saliorlio Phenylio Carbonic 

aoioL aloohoL anhydride. 

2. It is also produced in the destructive distillation of nume- 
rous organic substances. 

3. Phenylic alcohol is formed when the vapour of ethylic 
alcohol or acetic acid is passed through a red-hot tube. In this 
manner phenylic compoimds may be obtained from their ele- 
ments ; for both acetic acid and alcohol may be built up from 
purely mineral sources. 

4. Phenylic alcohol is formed when aniline hydrochlorate is 
treated with potassic nitrite : — 

lfPhH,Cl -h NOKo « PhHo + KCl + OH, + N,. 

Aniline PotwiA Fhenlio PotMiio Water. 

hTdroeUont*. nitrito. aljohol. ohlorida. 

Beaetiont. — ^Treated with chlorine, bromine, or nitric acid, 
phenylic alcohol produces a Bcries of substitution products, of 
which the following are examples : — 

DichlorphenyUc acid { 0(C,H)HHo- 

TrichlorphenyUcacid {o(C;H)HHo- 

Perchlorphenylicacid { C(C;ci)ClHo- 

Bromphenylicacid (o(S5)HHo- 

NitrophenyUcacid • { gJ^fS^S^^o 

DinitrophenyUcacid {gfc^S^^o' 
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Trinitrophenylic acid. {Ficrie j O(N*0j), 
acid,) \C(C,H)HHo- 

Amidodimtrophenylic add. f C(N^O,),(N"'H,) 
{Fieramieacid.) \ C(C^H)HHo 



CRESTIJC ALOOHOL. 

fCMeH, 

\ C(C,H)HHo* 

BoiU at 204?. 

This alcohol is very little known ; it is isomeric with benzoic 
alcohol. 



CHAPTER XXXm. 
DIACm ALOOHOLSor GZTOOLS. 
General formula... | c^^H^Ho* 
The following is a list of the glycols at present known : — 

Bailiiig^poiiit& 

PropyHc glycol... C.H,0, or {g^^° 188»-189°. 
ButyUc glycol ... C.H„0,or |g^§^° 188°-184°. 

AxnyUc glycol ... C.H,Aor {cH^to" l^'"' 

The existence of normal, secondary, &c. alcohols of this sub- 
division has not yet been clearly established ; but ethylic glycol 
is probably a normal glycol, whilst propylic, butylic, and amylic 
glycols are probably secondary glycols, as shown in the aboye 
formula. 



GLYCOLS. 
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Methylic glycol lias not been obtained ; and although a sub- 
stance of the same composition might exist, yet it would not 
be strictly homologous with the ethylic and propylic glycols, as 
will be seen from the following graphic representations : — 



fCH,Ho 
"lCH,Ho* 



Bthjrlic glTcol. 





I C(CH,)HHo 



OH,Ho 



Propjlic (ItooI. 




« CH,Ho,. 



ICethyliogljoolP 



In the ethylic and propylic glycols, the two atoms of hy- 
droxyl are united with different carbon atoms ; in the methyHc 
glycol they would be united with the same carbon atom. 

It will be observed that the boiling-points of the glycols 
differ from each other in a direction inversely to that previously 
noticed in the case of the normal monacid alcohols : the more 
complex substances boil at a lower temperature than the 
simpler ones. 
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aLTOOL. ETHTLIC GLTOOL, Ethylenic Alcohol. 

fCH,Ho 
tCH^o- 

Molecular weight => 62. Molecular volume I I 1 . 1 lUre of 
ethyUc glycol vapour loeighs 81 eriths. 8p. gr, 1'125. 
BoiUaei97'''5. 

PreparaHon. — ^Ethylenic dibromide is treated with aigentic 
acetate, and thus converted into eth jlenic diacetate : — 

(°^l;+«!M.oA^ - {^5:i"l8 * "«»'• 

Bthjlenio Aigentio aoetete. Bthylenio dfnoetate. Axgeaitie 

dibromide. (Diaoetio glyooL) btomidfe. 

The ethylenic diacetate is now acted upon by potaasic hydrate, 
when it yields potassic acetate and glycol : — 

Ethylenio dimoetete. PotaMio OI700I. PotaHio Msatete. 

liydnte. 

Beactions. — 1. Glycol is easily oxidized, the first product of 
its oxidation being glycollic acid : — 

OI7C0L OlyooUio Wtter. 

add. 

2. By further oxidation oxalic acid is formed : — 

tc^Ho + ^. = jCOHo + 2^^- 

OI700L OiBlio Water, 

add. 

3. Oxalic acid is also produced by heating glycol and po- 
tassic hydrate together to 260°: — 

G-ljooL Potaaaio Potaane 

hydrate. oxalate. 
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4. Treated with potassium or sodium, the hydrogen of the 
hydroxyl in glycol is replaced in two successiTe stages : — 



fOHJfao 
tOH,Ho ' 

Monosodie glycol 



fCH,Nao 
t CH,Nao- 

Oiaodie glj«oL 



The following list contains some of the principal derivatiTes 
of glycol : — 



f CH,Ho 
t CH,Ho- 

OlyeoL 

fOHJBto 
\ OH,Cll • 

Chlorhjdxio 
glyooL 



f CH,Hb 
t OH.Hs- 

Sulphur glyool, 

fCH,Ho 
t CH,Br 

Bromhydrio 
glyqoL 



f CK.Bto 
tCH^r 

Brometixylio 
gljooL 



\ CH^Eto- 



Dietiijlic 
gljooL 



fCH^Eto 
tCH,Ho- 

Hydrio ethyllo 
gljool 



CH,Br 

^''icH^-OMeO- 



O 
CO 



OIto^o 
>oroinid6. 



aoetol 




JCooaoeti 
glyooL 



C^-O-CMeO- '^ 



rcH, 

CO 



CH, 

CO 

lOH, 

Diaoatic glyooL 



or 



rCH,-0-CMeO 
tCH,-O.CMeO- 
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or 



fCBL-O-CMeO 
tOH,-0-CPrO- 



Diethylenic glycol 



fCH. 
CO 

o 

CH, 
CO 

Aoetolmtjno gl jeoL 



POLTETHTLEinC GLTOOLS. 

Fohfeihylenic JleohoU, 
These bodies are produced by heating ethylenic oxide with 
glycol in sealed tubes, and by other processes. They may be 
regarded as formed by the addition of ethylenic oxide to 
glycol. 

CH,Ho 
CH. 

CH. or 
O 

CH.Ho 
rCH.Ho 
CH. 

O or 

CH. 

^CH,Ho 
rCH,Ho 
CH, 

CH. 

CH, or •< 

O 

CH, 

i^CH.Ho 
Pentethylenic and hexethylenic glycols have also been 

lormed. 



CMo 
.CH,Ho 



Triethylenic glycol ...< 




Tetrethylenic glycol •< 



CH,Ho 
l^CH,Ho 
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CHAPTER XXXIV. 

TBIAQID ALG0S0L8. 

Thi:b£ alcohols contain three atoms of hydroxyl united with 
three separate atoms of carbon ; consequently the lowest term 
contains three atoms of carbon. 

Only two of these alcohols have been obtained : — 



Glycerin 



fCH,Ho 
CHHo. 
CH,Ho 




fCH,Ho 

Amylglycerin ..A CEtHo. 

[CH,Ho 



The constitution of amylglycerin is not at present established. 
Its formula may possibly be 

rCEtHHo 

< CHHo . 

CH3H0 

The action of oxidizing agents on amylglycerin will pro- 
bably throw light upon its internal structure. 



n2 
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GLTCEItlN. 

fOH-Ho 
-^CHHo. 
lOH^BEo 

Soureet. — ^Most animal and vegetable fats consist of mixtores 
of the glycerin ethereal salts of the fatty and of the oleic series 
of acids. Qlycerin is liberated from these by water at high 
temperatures, or by bases giving salts insoluble in water: — 

OH -0-C(C„H„)0+8OH,» \ CHHo +8 f S[S«?»^°' 

Stearin. Water. Glycerin. Stearic add. 



BeloHon of Olyeerin to Isopropylie Alcohol. 

By the action of hydriodic acid, glycerin is converted into 
isopropylic iodide : — 



+ 21, + 30H,. 

Water. 



Belation of Glycerin to AUylic Alcohol. 
When diphosphorous tetriodide is brought into contact 
with glycerin, an energetic reaction ensues, allyUc iodide being 
formed : — 

fCH,Ho "{CH. 

P".!* + 2^ CHHo = 2 ,CH + 2FOHHo, + I^. 
lcH,Ho iCHJ 

Dipho^hproos Glycerin. A^o Phoq^^roaa 

Belationa of Glycerin to PrppyUc Glycol. 

The several atoms of hydroxyl in glycerin are capable of 
being substituted by chlorine, bromine, &c, ; ttus, by the aetion 



CH,Ho 

CHHo + 6HI = 


CHi 


CH,Ho 


CH. 


ai/ounn. HTdriodio 


""^^ 
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of hydrochloric acid on glycerin, one atom of hydroxyl is dis- 
placed by chlorine, monochlorhydrin being formed : — 



fCMo fCH_Cl 

CHHo -f HCa « JCHHo + OK. 

CH^o lCH,Ho 

Glyoerin. Hydroohlorio Monochlor- Water. 

Mid. hydrin. 



I 



Monochlorhydrin is identical with monochlorinated propylic 
glycol : — 

Monochlarhydrin. MonoohloriiiJited 

propylio glyooL 

By the action of sodium amalgam and water, monochlorinated 
propylic glycol is readily converted into propylic glycol : — 
|0^0»HBo ^ j_ . |C^HH, ^ „„ 

Monoohloriiiated Propylio Hydrodiloric 

propylic glycol. gljooL add. 

. Belatiofu of Glycerin to the Trihydric Aciek — Glyceric Acid, 
and Tartronie Acid, 

By the slow action of nitric acid, glycerin is converted into 
glyceric acid : — 

fCMo fCH,Ho 

4 CHHo + 0, « 



[CH,Ho 



CHHo + OK. 
COHo 



Glycerin. &lyoerio Water. 

add. 

A second atom of oxatyl has not been produced in glycerin, 
so as to convert the latter into a dibasic acid ; but there con be 
little doubt that tartronie acid, which is formed by the spon- 
taneous decomposition of nitrotartaric acid, is the acid in 
question, and that it has the following constitution : — 

fCOHo 
J CHHo. 
[COHo 

Tartronie add. 
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BeUstions of Ghfcerin to Acrylic Acid. 

Bj the action of substances having an attraction for water, 
such as phosphoric anhydride or sulphuric acid, gljcerin is 
converted into acrolein : — 

{K - .OB. . (-- 

Olyoerin. Water. Acroleiii. 

By the absorption of oxygen, acrolein is transformed into 
acrylic acid : — 

fCMe"H ^ ^ rCMe"H 

\COH + ^ - |cOHo • 

Aoroleio. Aocylio wrid. 

Both these reactions are accomplished simultaneously when 
glycerin is added to fased potassic hydrate : — 

eg] + KHo = {%^^ + H, + 20H,. 

OlyoeriiL PotMUO PotMiio Wstcr 

hydrate. acrylate. 



OTHER FOLTACID ALCOHOLS. 

Erythrite (Erythroyluein, Erffthronumnite, Phyeite^ P^eudor- 
cin) is a tetracid alcohol, and the acid corresponding to it is 
tartaric acid. Citric acid may also be considered to be derived 
from an unknown alcohol of this series. A glance at the for- 
mulsB of these alcohols and acids will show their relations : — 



'^OH^o 
CHHo 
CHHo- 
CH^o 



S25^ I fCHHo(CKHo) rCHHo(COHo) 
SSS^ lCH,(ci^o) iCH.(COHo) 



Brythrite. Tartarioadd. Tetracid aloohol Citrieadd. 

(anknown). 



EBYTHBIT£, MANNITE, AND GLUCOSE. 
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When reduced by hydriodic acid, eiythrite yields butylie 
iodide : — 



fCMo 
CHH o 
GHHo 

Bzythrite. 



+ 7HI = 40H, + 



HTdriodio 
odd. 



Water. 



lOH,I 

Batylio 
iodide. 



3L 



No pentacid alcohol is known ; but two acids corresponding 
to compounds of this class have been obtained ; they are apo- 
sorbic acid and desozalic acid : — 



rcMo 

CHHo 


rcoHo 

CHHo 




rcMo 

CmCo 


fCOHo 
CHHo 


< CHHo. 


i OTTKo. 




CHo(CH-Ho). 


CHo(COHo). 


i CHHo 


CHHo 




CKHo 


COHo 


l^CH^o 


I.COH0 






Pentacid alcohol 


Apoaorine Unknowii 


DcMHnlio 


(nnknofwn). 


Mii 




■loohoL 


Mid. 



3£annite is a hexacid alcohol. There are two isomeric acids 
corresponding to this alcohol : these are saccharic and mucio 
acids: — 

^CKHo rCOHo 

Cfflio CHHo 

CHHo j CHHo 

CHHo • ^ CHHo' 

CHHo CHHo 

(^CH^o [COHo 

Baocharic 



Mannite is closely related to glucose, the latter containing 
two atoms of hydrogen less than the former. Olucose can, in 
fact, be converted into mannite by the action of nascent hy- 
drogen : — 



CBTHo 
CHHo 
iCHo 
CHo 
CHHo 
CH^o 

Olneofle. 



7 



+ H, = 



rcH^o 

CHHo 
CHHo 
CHHo- 
CHHo 
i^CH,Ho 

Mannite. 
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CHAPTER XXXV. 

THB BTHEB8. 

These compounds are the oxides of the basjlous or posxtiTe 
radicals. 

Each series of basylous radicals produces a series of ethers ; 
we have thus ethers of the monacid, diacid, and triacid alcohols, 
of which the following are the general formukB : — 

Metlijl Vtnfl Phenyl 



Ethers of the monacid 



fCAn-. fCA.-. [C.H^-: 
alcohols -^ O -^ O -^ O 

CAh-. CA.-. ICA.-; 



Ethers of the diacid alcohols . . . C^^iO. 



fCA. -0-Hfc C.] 
Ethers of the triacid alcohols < C A,_i-i 

ICA. 



,-0-H^,C.L 
-O-H^ C.J 



ETHEB8 OF THE MONACID AL00H0L8. 

These bodies are derived from the alcohols by tiie substi- 
tution of the hydrogen of the hydroxyl contained in the lattn 
by a positiTO monad radical. 

METSTL SERIES. 
The following list contains some of the ethers of this series : — 



Methylic ether 



Metbjlicethylicether^ O or 

Ethylic ether • O or 

loA 

OH, 
Metbylicamylio ether < O or 

lC.H 



BoiHiig- 
pomtft. 

or OMe, -21«. 
or OMeEt +11". 



LOH, 

CMeH, 

CMeHj 

O or OEt« 

CMefi, 

OH3 

O or OMeAj 

CBuH, 
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Sthjlic butylio ether. 
Ethylio amylio ether. 

Bufylic ether 

Amjlic ether 






o 
lOA 

OsRu 

o 



fCMeH. 

\ O or OEtBu 

lOPrH, 

CMeH, 

O or OBtAy 

CBuHa 

CPrHa 

O or OBu. 

OPrHa 

CBuHa 

O or OAya 

GBuHa 



BoiliBgo 
pointe. 

80*^?. 



112° 



104°. 



176° 



JBbffnaiion. — 1. By the action of sulphuric acid upon the 
CnHa^iHo alcohols. The process may be divided into the two 
following stages : — 
C^H^iHo + SO^o, = SO^o(CAh.iO) + OH,. 

AloohoL Balphnrio Bnlpho-ooid. Water. 



Solpho-Boid. 



+ C«B 



AloohoL 



*M-1 



an, 

o 



+ SO,Ho,. 



Bulphurio 
aoid. 



2. By converting the CmHs^iHo alcohols into sodium or 
potassium compounds, and then acting upon the latter with 
the iodides of the monad alcohol radicals : — 



2C,H^iHo 4- Na, 



AkohoL 



2aH^iNao + H,. 

Sodio-aloohoL 



C,H>H-iNao 



+ C.H^J 




+ Nal. 

Bodie alcohol. Iodide. ^ Ether.' Sodic iodide. 

Heaetion, — ^The ethers can be reconverted into the corre- 
sponding alcohols by treating them with sulphuric acid, and then 
distilling with water the sulpho-acid so produced : — 

Id *^' + 2SO,Ho, = 2SO,Ho(C,H2,+iO) + OH,. 

Bther. Solphoric add. Bnlpho-aoid. 

SO,Ho(C,H^iO) + OH. - SO,Ho. 

Snlpho-aeid. Water. Bnlphnric acid. 



Waler. 

Ho. 



Alcohol. 

n5 



274 THZ ETBXB8. 

KETHTLIC EIHEB, MethgUc Oxide. 

fCH. 

■^ O or OMe,. 

ICH, 

Molecular weight ss46. Molecular volume rT1 « 1 li^^ of 
meihylic ether vapour weighs 23 criths. BoUi at —21°. 

Preparation. — By heating methylic alcohol with sulphuric 
acid OP boracic anhydride : — 

CH,Ho + SO,Ho. = SO,Ho(CH,0) + OH,; 

Meihylic Salphurio Solphomethjlio Water, 

alcohol. add. aoid. 



SO,Ho(CH,0) + CH,Ho = < O + SOJio, 



lOH. 



Solphomethylic Methjiio Methylic Bnlpfaurie 

add. alcohol. ether. add. 

Reaction. — Methjlic ether is acted upon by chlorine under 
the influence of light, the hydrogen being displaced atom for 
atom by chlorine. The following compounds are formed : — 

fCH^Cl fCHCl, fCCl, 

[CH,C1 [CHCl, [cCl, 



ETHTLIC ETHEE, Ethylie Oxide, Ether, Sulphuric Ether. 

fCMeH, 

-^ O or OBt,. 

[CMeH, 

Molecular weight =74. Molecular volume I 1 i . 1 litre of 
ether vapour weighs 37 crithe, 8p. gr. s=0'723. Ruei at 
-81°. Soils at ^^''-e. 

Preparation, — ^A mixture of equal volumes of sulphuric acid 
and alcohol is heated to a temperature of from 14:0^ to 14i5^, and 
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a constant stream of alcohol is allowed to flow into the mixture. 
!Etlier and water distil over together. Two reactions take place 
successively ; in the first the alcohol is converted into sulpho- 
vinic acid, and in the second the solphovinic acid is converted by 
a further quantity of alcohol into sulphuric acid and ether : — 

EtHo + SO,Ho, = SO^EtoHo + OH^. 

AloohoL Sulphuric acid. Sulphovinic add. Water. 

SO^toHo + EtHo = OEt, + SO,Ho^. 

SolphoTimo add. Aloohol. Ether. Sulphuric add. 

In this manner the same quantity of sulphuric acid can 
convert an unlimited quantity of alcohol into ether. 

The formation of ether is not due to the simple removal of 
water from two molecules of alcohol by sulphuric add. This 
is proved, first, by the sulphuric acid not becoming more 
dilute, and, secondly, by the fact that if sulphamylic acid be 
acted upon by ethylic alcohol, the mixed ethylic amylic ether is 
formed : — 

SO^yoHo 4- EtHo =• SO^Ho^, + OAyEfc. 

Sulphamylic add. Ethrlic Sulphuric Ethylic amylic 

aloonol. add. ether. 

Seactiotu. — 1. Ethylic ether, when mixed with an equal 
volume of sulphuric acid, produces sulphovinic acid : — 

OEt^ + 2SO3H0, = 2SO,EtoHo + OH,. 

Bthyhc ether. Sulphuric add. Sulphorinio add. Water. 

2. Hot nitric add converts ethylic ether into carbonic, acetic, 
and oxalic acids. 

3. Exposed to the air, it gradually absorbs oxygen and is 
transformed into acetic acid : — 






1 



ch: 

Ethylic ether. Acetic add. Water. 
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ETHYUC SULPHIDE, Sulphur Ether, 

rCMeH, 

^ S or SEt.. 

[CMeH, 

Molecular weight »90. Molecular volume rn » 1 H^i^ of 
ethylic sulphide vapour toeighe 45 criths. Boils at 73^. 
Preparation, — By adding ethylic chloride to potassic sul- 
phide, and distilling: — 

rCMeHL 
2CMeH,Cl 4- SK, = Js + 2KC1. 

[CMeH, 

Ethylio chloride. Fotaisio Bthylio salphide. Potaaae 

sulphide. chloride. 

Reaction, — Ethylic sulphide combines directly with ethylic 
iodide, forming 

Sulphurous triethylo-iodide SEt,I. 

By the action of argentic oxide on this iodide, the corre- 
sponding hydrate may be formed : — 

SEt,! + AgHo « SEt,Ho + Agl. 

Solphiiroiii Arffentio Saljphurooa Armtie 

tnethrlo- hyonte. tnethjlo- iodide, 

iodide. hydnto. 

ETHEB8 OF TEE VINYL AND PHENYL 8EBIE8. 






Of the ethers of the vinyl series, allylic eth^, 

alone is known. 

fC.H. 
In the phenyl series, phenylic ether, \ , aod tolnylic 

fCA i^A 

ether, \ , have been obtained. 

ETREBS OF TEE BIACID ALCOHOLS. 

Of these the three following are known, but the first only 
lias been carefully studied : — 



ETHEB8 OF DIACIO ALCOHOLS. 

BoOinf-pointa. 

Ethylenic oxide, CJELfi 13°-5. 

Propylenic oxide, C^H.0 85°0. 

Amylemc oxide, C^H^gO OS*'. 
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ETETLENIC OXIDE9 Ethylenic Ether, 

Molecular weight s:44f. Molecular volume I I L 1 litre of 
ethylenic oaide vapour weighs 22 criths. BoiU at 13^*6. 

Preparation. — ^Ethylenic oxide is obtained from glycol by con- 
verting the lattefyfirst into ethylenicclilorliydrate,orchlorliydiic 
glycol, by the action of hydrochloric acid, and subsequently 
treating the compound thus formed with potassic hydrate : — 



C^o 
GI700L 



+ HCl = 

Hydroehlo- 
rioaoid. 



fCMo 

toH;ci 



EtiiTleiuo 
nydrate. 



dhlorl 



EHo 

PotMrie 
hydnle. 



Etiiylenio 
oxide. 



OH,: 






WUer. 






OH. 


+ 


KCl. 


Water. 




Fotaado 
ehloride. 



fOH,Ho . 
tOH,a + 

Bthylenio 
ehUnrnydnte. 

Isomers. — Ethylenic oxide is isomeric with vinylic alcohol 
and acetic aldehyde. The nature of this isomerism is seen in 
the following formulffi : — 




Ethjrlenio 
oxide. 





jCHbo* 

Vinylio 
alcohol. 



{ook- 

Aoetio aldehyde 
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Beaetiona, — 1. Ethylenic oxide unites with nascent hydrogen, 
forming alcohol :-^ 

Ethj^lenic AleohoL 

oxide. 

2. It also unites with oxygen, forming glycoUic acid : — 

{g^ + 0. - (^. 

Bthjrlenio GljooUio 

oxide. coid. 

3. It is a basic substance, and unites directly with acids : — 

(^0 + =<" - (^- 

Ethjlenio Hydro- EthWenio 

oxide. dilorio oUoniydnte 

acad. or chlc«liTdrio 

gljooL 

4. Ethylenic oxide precipitates many oxides from solutions 
of their salts, such as ferric oxide, aluminic oxide, cupric oxide, 
magnesic oxide, &c. : — 

2{^ + MbCI. + 20H, - 2{g^^ + BIkHo, 

Eihylenio Hacnerio Water. Ethjlenio HaoBeae 

oxide. ohioride. dilorbjdrate. hyorate. 

5. It also combines directly with water, reproducing gly- 
col: — 

(^0 + OH. = {^. 

Ethylenic Water. Glycol 

oxide. 

These reactions exhibit a great difference between the beha- 
viour of ethylenic ether and that of ethylic ether. This difference 
arises from the fact that in ethylic ether the ethyl atoms are held 
together by the oxygen only, whereas in ethylenic ether the link- 
ing of the atoms of GH, does not depend on the oxygen atom 
alone, as will be seen from the following formulae : — 
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Etbylic ether. 



Ethjlenic ether. . . (S 







On account of this peculiarity of constitution, ethjlenic oxide 
can combine directly with many substances without the dis- 
ruption of its molecule, — a property which obviously cannot 
be possessed by ethyUc ether. 



ETHERS OF TEE TBIACID AL00R0L8. 
Of these only one is known, viz. : — 

GLYCTLIC ETHEB, QlycyUc Oxide. 



rOH,.O.H,C 
^CH-O-HC 
lCH,.O.H,0 



FreparaHon, — By the action of potassic hydrate on so-called 
iodhydrin : — 

CH 

CH, r^.O.H,C] 

+ KHo = KI + OH, + <^ C?.0-HC I . 
CK [CH,.0-H,CJ 

l^OH^Ho 

lodhydRB. Foteario Foteano Wfttor. Olycylic ether, 

hydnte. iodide. 
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CHAPTER XXXVL 

THE HALOID BTHBB8. 

Each series of radicals forms its own series of haloid ethers. 
These ethers are produced by the substitution of hydroxjl in 
the alcohols by chlorine, bromine, iodine, fluorine, or cyanogen. 



Haloid Ethers of the Monad Positive Badiedls. 

As these radicals can only unite with one atom of hydroxyl, 
they can only form one haloid ether. Each series of radicals 
therefore forms one series of haloid ethers : — 

I. Haloid ethers of the form C«Hs»fiGL 

m. „ „ „ „ C„Hfc_7Cl. 

The following will serve as examples of the three series : — 



Propylic iodide . 



AllyUc iodide 



C,H,I 

or 

C(CA)H,I. 

C.H,I 

or 
0(C,H,)"HI. 



Phenylic iodide . . . CgH,! 

or 
CfC.H,)H,I. 
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Haloid Uthers of the Dyad Pontive SadicaU, 

As the diacid alcohols contain two atoms of hydrozyl, it 
follows that there are two classes of haloid ethers derivable 
from them. The first is formed by the substitution of one of 
the hjdroxyl atoms by chlorine, bromine, &c., and the second 
by the like displacement of both atoms of hydrozyl : — 

L Haloid ethers of the form C«H:,.HoG1. 
II. „ „ „ „ O^H^Cl.. 

The following examples will suffice to illustrate the consti- 
tution of both these classes of haloid ethers : — 



Chlorhydric glycol or ethy- 

lenic chlorhydrate C^H^HoCl 



or 



Ethylenic dichloride 



fCH^o 

toH,cr 



OAci, 

or 

rcKci 
tcH^cr 




Saloid Ethers qfthe Triad Positive Radicals. 

There are three classes of haloid ethers which are derived from 
the triacid alcohols, by the successive substitution of the three 
atoms of hydroxyl contained in these alcohols by chlorine, bro- 
mine, &c., — and a fourth class, which stands intermediately 
between the ethers and the haloid ethers, and which is formed by 
the substitution of one of the atoms of hydroxyl in the alcohol 
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by a monad negative radical, such as chlorine, bromine, or 
cyanogen, and the remaining two atoms of hydroxjl by the dyad 
atom of oxygen: — 

I. Haloid ethers of the fonn C;H»^iHo,Cl. 

II. „ „ „ C^H^^jHoCl,. 

ni. „ „ „ c^Ha^^iCi,. 

IV. „ „ „ C«H»..|OCL 

The following are examples of each of these dasses : — 



rCH,Ho 
Chlorhydrin. < CHCl 
lCH,Ho 



Dichlorhydrin... 



CH,C1 
OHHo. 
OH,Cl 



fCH,Cl 

Trichlorhydrin. . < OHCl . 

[OH,Cl 



Hydrochloric 
glycide or epi- 
chlorhydrin . . 



CH.C1 
CHq. 




HALOID ETREBS OF TRE MONAD POSITIVE 

RADICALS. 
FreparaUon. — These ethers are produced by the following 
general reactions : — 
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1. B7 the action of the hydracidB upon the alcohols : — 
C,H»^^Ho + HCl = Cjai^.Cl + OH,. 

AloohoL Hydrochloric Haloid etilier. Water, 

add. 

2. By the action of phosphorous trichloride on the alcohols : — 
3CJB[a.+iHo + PCI3 = 3C,Hs^iCl + POHHo,- 

AloohoL FhoB^rona Haloid eiher. Fhofphoaroufl 



3. By the action of chlorine on the hydrides of the radi- 
cals: — 

aH»H-iH + CI, = aH2^iCl + HCL 

Hydride. Haloid ether. Hydrochloric 

It is obvious that in these reactions bromine and iodine may 
be used instead of chlorine. 

These reactions apply equaUy to the C«H|k.i and C^Hik.; 
series. 

For the preparation of the cyanides of the radicals, two 
special reactions are employed. 

1. The distillation in the dry state of a mixture of the po- 
tassic sulphate of the radical with potassic cyanide : — 

SO,Ko(CJff^.O) + KCy = SO,Ko, + CJS^.Cj. 

PoteMic sulphate of Potaeno FotMaic Cyanide, 

the radical. cyanide. sulphate. 

2. The fatty acids are converted into ammonium salts and 
distilled with phosphoric anhydride, when the cyanides of the 
positive radicals which they contain are produced : — 

C.H^+1 . opo -> JCnH^, 4PO,Ho. 

CO(N'H,0) "^ ^*^»^* • tCN'" + 

Ammoninm Phosphoric Cyanide. Metaphosphorio 

salt. anhydride. acid. 

Beactions, — 1. Treated with alcoholic solution of potash, all 
the haloid ethers of the Ci^Qt^f ^ series, except the cyanides, are 
reconverted into alcohols : — 



f 



C.H»^iCl 


+ KHo « 


C.H^,Ho 


+ KCl. 


Haloid ether. 


Potassic 




Potassic 




hydrate. 




chloride. 
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2. The cyanides under similar circumstaiices are conrerted 
into potassic salts of the acids which contain the positive radi- 
cal of the cyanide : — 

{g^^ + KHo + OH. - {g-=^» + NH.. 

CyMiide. PotMiio Wat«r. PotuMo AiniiMWii>. 

hjdnte. salt 

8. When the iodides are digested with zinc or magnesium, 
the radicals are either liberated or unite with the metal: — 

2C,H>H.I + 2Zn = ZnCaH^Oa + ^Bnl^ 



or 



Iodide. Orgaao-tino Zinoio 

oompoand. iodide. 

2C.H*+iI + Zn - {c^l^; + *»!.• 

Iodide. Free Zixuao 

ndioaL iodide. 

4. When the iodides are submitted to the action of sodic 
ethylate, a mixed ether (or a simple ether if n=2) is formed : — 



C,H,Nao + C,H>+iI 



O + Nal. 

Sodio Iodide. Bther. 

etiiybte. 



5. The haloid ethers are the representatives of the hydradds 
of mineral chemistry, and unite directly with ammonia, pro- 
ducing salts which, when treated with potassic hydrate, yield 
compound ammonias containing the basylous radical of the 
haloid ether in the place of one atom of hydrogen : — 

NH, + EtI s 2rH3EtI. 

AmTnonift. EtiiTlio SthTlammonio 

iodide. iodide. 

NH,EtI + KHo = NEtH, + KI + OH,. 

Bthylammonio Fotusio Bthylamine. Potaado Water, 

iodide. hydrate. iodide. 
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HETHTLIC CHLOBIDE. 
OHjCa or MeCl. 
Jifolecfdar weight =50*5. Molecular volume III . 1 Utre of 
meth/lic chloride vapour weighs 25*25 criths. Boils at —21°. 

Preparation. — By heating together Bodie chloride, methylic 
alcohol, and sulphuric acid : — 

SO,Ho, + MeHo = SO,MeoHo + OH,. 

Snlphnrio Meihylio Bolphomethylio Water, 

add. aloohoL add. 

SOjMeoHo + NaCa = MeCl + SO^HoNao. 

Snlphomeihylio Sodio MethjUo Hydriosodio 

add. chloride. chlonde. sulphate. 

Meaction. — ^By the action of chlorine, methylic chloride pro- 
duces three substitution derivatiyes : — 

BoUJog- 
points. 

Monochlorinated methylic chloride, CHgCl,. 81° 
Dichlorinated „ „ CHCl,. 60P'S 

Trichlorinated „ „ OCl^. 78° 



CHLOBOFOSM, Dichlorinated Methylic Chloride. 

CHca,. 

Molecular weight sbbHO'S. Molecular volume m . 1 litre of 
chloroform vapour weighs 69'76 criths. Sp.gr. 1-48. Boils 
at 60°-8. 

Preparation. — This compound is manufactured in large 
quantities by heating alcohol with a solution of calcic chloro- 
hypochlorite (chloride of lime). It may also be made by treat- 
ing methylic alcohol in the same manner. For the reaction 
see p. 250. 

Beactions. — 1. Chloroform is transformed into potassic for- 
mate by boiling with alcoholic potash : — 

CHCl, + 4KHo = OHOKo + 8KCa + 20H,. 

Chloro&nn- Fotasno Fotaamc Fotaado Water, 

hydrate. formate. chloride. 
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2. When acted upon hj cUorine in the presence of sunlight, 
the hydrogen is displaced by chlorine, and carbonic tetrachlo- 
ride (CCaj formed. 



ETHTLIC CHLORIDE. 
OjHjCl or EtCl. 

Molecular weight =64*5. Molecular volume I i I . 1 litre of 
ethylic chloride vapour weighs 82*26 crithe. Sp, gr. 0*874. 
Boils at ir'5. 

Preparation. — Ethylic alcohol is saturated with hydrochloric 
acid, and digested in sealed tubes at 100° for one or two hours, 
when the mixture separates into two layers, the upper one 
being the ethylic chloride : — 

EtHo + HCa « EtCl + OH,. 

AloohoL HydrocUorio Eihjlic Water, 

aoid. oihlorida. 



ETHTLIC IODIDE. 

0,H.IorEtI. 

Molecular weight bss156. Molecular volume I I 1 . 1 litre of 
ethylic iodide vapour weighs 78 eriths. Sp. gr. 1*9464. 
BoOs at 72°*2. 

Preparation. — By placing in a retort two parts by weight of 
alcohol and one of amorphous phosphorus, and then introdudng 
five parts of iodine and distilling in a water-bath : — 

3C,H,Ho + P + I3 « 80,H.I 4- POHHo,. 

AloohoL Bthjlic FhoqthorooB 

iodide. acid. 
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JBeaetion. — ^Etbylic iodide, when heated with water in a 
sealed tube, produces ether and hydriodic acid : — 



20,H,I + OH, =^0 + 2HI. 

EthyUo Water. Bther. HTdriodic 

iodide. add. 

l%e methylic and amylic iodides are similar liquids, and ob- 
tained by analogous processes ; the methylic iodide, CH,!, has 
a sp. gr. 2-237, and boils afc 42° C. Amylic iodide, CjHi,!, has 
a sp. gr. 1-611, and boils at 146°, 

The haloid compounds of the allylic and phenylic series are 
of comparatively little importance. 



HALOID ETHERS OF THE DTAD POSITIVE 
RADICALS. 

I. Haloid ethers of the formCJL^RoCL 
Preparation. — ^These ethers are prepared by the action of the 
hydracids on the glycols. The following will serve as examples 

of this class : — 

{CTT TTft 
ch'gi ' 

r CTT TTrt 
Bthylenic iodhydrate or iodhydric glycol ... i q^\ . 

Treated with potassic hydrate, both these bodies give ethy- 
lenic oxide, as previously described (p. 277). 

n. Haloid ethers of the form Q^J\, 
Freparation. — ^These ethers are generally formed by the 
direct union of the dyad radicals with the chlorous elements. 
The following list comprises the chief members of this class: — 

BoQing-poiiits. 

Methylenic chloride CH.Cl, 40° 

iodide CH,I, 181° 

Bthylenic chloride <^2^S^ 86° 
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Boiling-pouilfr 

Ethylenic bromide C,H^Br, 129° 

„ iodide OfiJ^ 

Propylenic chloride 0,H.C1, 103° 

„ bromide C.H.Br, 144° 

„ iodide O^'B.J^^ 

Butylenic chloride 0,H,C1, 127° 

„ bromide C,H.Br, 160°* 

Amylenic chloride C,H„C1, 

„ bromide C,H„Br, 175° 

By the action of potassium, sodium, or zinc, the radicals are 
again liberated, except in the case of the methylene compounds. 
The bromides are the most important memb^s of the series. 

ETHYLENIC BBOMIDK 

0,H,Br, or {gg-gj; or EfBr, 

JUblecular weight as 188. Molecular volume \ I L 1 lilre oj 
ethylenic bromide vapour weighs 94 crithe, 8p. gr, 2'16. 
Fueee at 9°. BaiU at 129°. 

Preparation. — ^By agitating bromine and water with ethy- 
lene. 

Beaetione, — 1. Boiled with alcoholic potash it yields brom- 
ethylene or vinylic bromide : — 

OjH;Br, + KHo = C,H,Br + KBr + OH,. 

Bthylenio Potanio Vinjlio bromide PotMrie Water, 

bromide. hydrate. or bromethylene. bromide. 

2. Heated with an alcoholic solution of potassic acetate, it 
yields monacetic glycol 

{gg;lj + aoM^OK. + OH. - {g^^<f"-o 

Bthjlenio Potaano Water. Monaoeti« glyool. 

bromide. acetate. 

+ CMeOHo + 2KBr. 

Acetic Potaaaic 

acid. bromide. 
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ETETLENIC CTAIODE. 



Fu9ei at ZT. 



o5§ = OACy. 



Pre^araHon. — By heating ethylenic bromide vith potassic 
cyanide to 100° for sixteen honra : — 

t OH^Br + ^^^ 1 CH,(CN"') + 2*-^'- 

Bthylenio Potaano Bthylenie Potaarie 

braniide. (^anide. oyuiide. bnunid*. 

Reaction. — When boiled with alcoholic potash* ethylenic 
cyanide yields potassic succinate : — * 

Btirflenio Potaano Wat«r. Potaano Ammonia, 

eyanide. hydzate. saoouiato. 



HALOm ETEEBS OF THE TRIAD POSITIVE 
BABICALS, 



I. oftheformC3i.-iHoaCL 



BoiUnff- 
poiat' 



fCH,Ho 

ChlorhTdrin .. J CHCl 227". 

lCH,Ho 

Bromliydrin ... -I CHBr V&CPinvacuo. 

lCH.Ho 

n. Of the form C,H»».iHoCl,. 

fCH,Cl 

Dichlorhydrin... -^ CHHo 180°. 

ICHjCl 

ni. Of the ionn C,H„_,C!1,. 

fOH,a 

Trichlorhydrin. . -^ CHCl 166°. 

lOHjCl 
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IV. Of the form C.Hj-iOCl. 

Boiling- 
poiat 

Hydrochloric f CH,/^ 

glycide or epi- j CH*^ 118°. 

cHorhydrin ... lOHaCl 

Preparation. — The ethers of the first three forms are obtained 
by the action of the hydracids upon glycerin ; whilst those of the 
fourth are produced by the action of alkalies upon the second 
form of compounds. 



CHAPTER XXXVII. 

THE ALDEHYDES. 

These compounds are intermediate between the alcohols 
and the acids. They are formed from alcohols by the abstraction 
of hydrogen; hence the name, which is an abbreviation of alcohol 
dehydrogenatiMU 

Three series of aldehydes are known, corresponding to the 
three series of monacid alcohols, viz. : — 

A. Aldehydes derived from CmHi^iHo alcohols. 

B. „ „ „ C.Hj^iHo „ 

C- >» w n C^Hfc.yHo „ 

Frqfaration. — 1. The aldehydes are formed by the oxidation 
of the alcohols ; ethylic alcohol, for instance, yields acetic alde- 
hyde : — 

(ch!Ho + O = (COH + OH,. 

EthTlio Acetic Water, 

aloonol. aldehyde*. 

2. Aldehydes are abo formed by distilling a mixture of equiva- 
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lent quantities of the potassic salt of a fatty acid and of potassic 
formate : — 

{coko + {cOKo = {cSh + ^^^^r 

PotMsic Fotaamo Aoetio Fotairio 

acetate. formate. ' aldehyde. oarbonate. 

This is an important reaction, as by its means the series 
of fatty acids can be ascended; for the aldehyde may next 
be transformed into an alcohol by nascent hydrogen, then the 
alcohol converted into acyanide, which by treatment with potassic 
hydrate gives the potassic salt of the next higher acid. Thus : — 

fCH, . „ rcH, 

tcOH + "t = \CH,Ho' 

Acetio EthTiio 

aldehyde. alconoL 

{c^Ho + ®0'H«» = SO^HoEto + OH,; 

SthWio Solphoric SolphoTinio Water. 

aloonoL add. a<rid. 

SO,HoEto + CN"'K = SO,KoHo + {oN"'^'' 

Salphorhuo Potaaaio Hydric potaario Ethjrlic 

add. ejanide. aalpnate. cyanide. 

{^^ + KH, + OH. . {g«|=^ + »H.. 

Bth^rlio Potaano Water. Potaadc Ammonia, 

cyanide. hydrate. propionate. 

Starting again with potassic propionate, instead of potassic 
acetate, the same series of reactions can be performed, resulting 
in potassic butyrate, and so on. 

Beactions. — 1. By direct absorption of oxygen, the aldehydes 
are transformed into the corresponding acids : — 

COH + « ^ jCOHo • 

Aldehyde. Add. 

2. Also heated with ammoniacal solution of argentic oxide, 
the aldehydes are converted into acids, metallic silver being 
deposited : — 

{C«H2n+i I r%k„ — J C»^««+i I A« 
COH + ^^S» - jCOHo "^ ^S«- 

Aldehyde. Argentio oxide. Add. 

3. When heated with potassic hydrate, the aldehydes yield 
the potassic salts of the corresponding adds, with evolution of 
hydrogen : — 

o2 
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COH + ^^^ "= \COKo + ^«- 

Aldehyde. Potento Fotaano 

hjdnte. aalt 

4. Treated with nascent hydrogen, they are conyerted into 
the corresponding alcohols : — 

/ CnHj»+i I -D ^ f C/|tHj»+i 

\COH + ^« - jCHHo' 

Aldehyde. AlooiioL 

6. Most aldehydes combine directly with ammonia, forming 
crystalline compounds : — 

I COH ■+■ ^^» "" tCO(N;HJ- 



Aldehyde. 

oompoond. 

6. Aldehydes also combine with the alkaline hydric sulphites, 
producing crystalline compounds : — 

{OOH^' + »OKoHo - SOKoHo . {g^+'. 

Aldehyde. Hydric potMtic 

■olphile. 



A. ALDERTJDES DEBIVED FBOM THE CJB[i»+iHo 
SERIES OF ALCOHOLS, 
The following are known : — 

point point. 

Acetic aldehyde {cot ^^*'- 

Propionic aldehyde.. I g^^^« or {o^'^^ (55«-65«). 

Butyric aldehyde S{^^ or {^^^^^^ (680-76o). 

Valeric aldehyde ...jgSf" ^^ {coft^^^^ »5"- 

(Enantiuc aldehyde.. {g^^ or {^o^"^^ below -12*. 152r 

Capric aldehyde {co^"^^ " ^''' ^^'^^ 

Suodio aldehyde {cOh'^"^^ "^ ^''- ^^^**- 

Laurie aldehyde...... -fg^^^i)^* 232». 

Pahnitio aldehyde ...{S^^^»)^ 62*. 



BEACTIONS OF ACBTIC ALDEHYDE. 293 



ACETIC ALDEHTDE, Aldehyde. 



COI 

Molecular weight »44. Molecular volume fTl - 1 litre of 
aldehyde vapour weight 22 critha. 8p, yr, sbO*79. BoiU 
at 21°-8. 

^Preparation, — 1. By oxidizing alcohol with chromic acid, 
chlorine water, or manganic oxide and sulphuric acid : — 

(ct^Ho + o - {cSk + oh.- 

BChrlio Aoetio Wftter. 

aloohoL >ldehjde. 

2. By oxidation, casein, fibrin, and albumen also yield alde- 
hyde. 

3. Aldehyde is formed when the yapour of alcohol or ether 
\B passed through a tube heated to dull redness. 

Reaetiona. — 1. It gradually absorbs oxygen from the air, 
forming acetic acid, into which it is also readily converted by 
oxidizing agents : — 

(c2b + - (g5b^. 

Aortic Aoetio 

ftldehjdc. Mid. 

2. It reduces silver salts, depositing lustrous metallic silver 
on the sides of the vessel. 

3. When submitted to the action of potassium, one atom of 
hydrogen is substituted by an atom of the metal, the compound 



being formed. 
4. Hydrocyanic acid transforms aldehyde into alanin : — 

(g=i, + ON-H + OH. . {g^^. 

Aoetio HjdrocTUiio Water, 

ftldehjde. 
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B7 the action of nitrous anhydride, alanin is converted into 
lactic acid : — 

rCMeHHo . ,go - o J CMeHHo . oN + OHL. 

Alanin. Vitrotu Lftcdoadd. Water. 

aahjdride. 

There are three isomeric modifications of aldehyde : — 
Metaldehyde, crystalline, subliming at 120^. 
Paraldehyde, liquid, boiling at 126°. 
Elaldehyde, crystalline, fusing at 2°, boiling at 94P. 



B. ALBERTDES DERIVED FBOM THE C«H*,-iHo 
ALCOHOLS. 

ACBOLEIN. Acrylic Aldehyde, 

r CMe"H 
tCOH • 

Molecular weight s56. Molecular volume rTI - 1 litre of 
acrolein vapour weighs 28 criths. BoiU at 52°'4. 
Freparation. — 1. By the action of phosphoric anhydride or 
of sulphuric acid on glycerin : — 

Glyoerin. Water. Acroleiii. 

2. By the oxidation of allylic alcohol : — 

fOMe"H . o - /CMe"H , o„ 
tCHHo + O - jcOH + "^- 

Alljlio Acrolein. Water, 

alcohol. 

3. By the action of heat on the product of the union of ace- 
tone with bromine : — 

fCOMe . j.^ fCMeBr, 

ICH3 + ^"-a « jcH^o" 

Acetone. 

fCMeBr, fCMe'-H ^ „„^ 

tCH,Ho " {COH + 2HBr. 

Acrolein. HTdrobromio 

add. 
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Beaetion. — By oxidation, acrolein yields acrylic acid : — 

fOMe"H . rt rCMe"H 

JCOH + " - IcOHo • 

Aorolein. Acrylic Mtd. 

C. ALBESTDJES DJEEIVJEI) FROM TSE C«H:»,-7H[o 
ALCOHOLS. ^^^ 

Benzoic aldehyde. { ©j}^^'^^' ...180^. 

Cuminic aldehyde . . . | q§^^^^ . • ■ 229^-4. 

BENZOIC ALDEHYDE, Oil of Bitter Almonds, Hydride of 
Benzoyl. 

fC(CH3)H3 
ICOH 

Molecular weight sbIOG. Molecular volume I I I . 1 litre of 
henzde aldehyde vapour weighs 53 criths, Sp. gr. 1*048. 
BoOs at 180°. 
Prepar(aion.—l. By the oxidation of amygdalin by nitric 
acid, and by the action of a mixture of manganic oxide and sul- 
phuric add on albumen, fibrin, casein, and gelatin. 

2. By digesting bitter almonds with water for five or six 
hours at 80°-40^. The synaptase present acts aa a ferment on 
the amygdalin, converting it into glucose, benzoic aldehyde, and 
hydrocyanic acid : — 

C„H^0„+2OH.-{gjj%^)^+CN"'H+2C.H,.0, 

Amygdalin. Water. Benaoic Hydrocyanic Oloooae. 

aldehyde. add. 

JSeactions. — 1. When exposed to the air, benzoic aldehyde 
absorbs oxygen and is converted into benzoic acid : — 

\COH + w - l^cOHo 

Benaoic aldehyde. Benxoic add. 

2. Heated with solid potassic hydrate, it gives hydrogen and 
potassic benzoate : — 

{g<aW + KHo . {g(,<gJ=. + B.. 

Benaoic Potaaaic Potaadc 

aldehyde. hydrate. benaoate. 
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CHAPTER XXXVIII. 



THB ACIDS. 

Ths acids form the most numerous &iiiil7 of organic com- 
pounds. 

Many of them are contained in plants in the free state, or 
in combination as metallic or ethereal salts. 

Others are produced by the action of chemical agents on 
organic matters. 

Some are formed in the animal organism, as, for instance, 
formic, paralactic, oleic, and stearic acids. 

The organic acids are divided into three great classes, accord- 
ing to their basicity. 

1. Monobasic acids. 

2. Dibasic acids. 
8. Tribasic acids. 

The basicifcy of organic acids is determined by the following 
simple law : — an organic acid containing n atoms of oxatyl is 
nr basic, 

MONOBASIC ACIDS. 
The monobasic acids, which always contain a single atom of 
dxatyl (COHo), include the six following series : — 

General fommUB. 
C„Ha,^i 

COHo • 



C(C.H^)"{C^H^O 
COHo 

[C(aH^+,XC«H^OHo 
COHo 



1. Acetic or fiitty series 

2. Acrylic or oleic series .. 

3. Lactic series 

4. Pyruvic series { COHo"^**^'^' 

5. GlyoxyUc series IcOH^*^'^^^' • 

6. Benzoic or aromatic series | nOH^**'^^'* 
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The 1st, 2iid, 3rd, 5th, and 6th of these series may be regarded 
as the derivatiyes from corresponding series of alcohols. 

1. The Acetic series from the Methyl series of alcohols. 

2. „ AcryUc „ „ Allyl „ „ 
8. „ Lactic „ „ Ethylene „ „ 
6. „ Glyoxylic „ „ Glycerin „ „ 
6. „ Benzoic „ „ • Benzoic „ „ 

The acids of the first, second, fourth, and sixth series are 
termed manohydric as well as monobasic ; whilst the acids of 
the third series are termed dihydric and monobasic, indicating 
their origin from the diacid alcohols, and that they contain 
two atoms of hydroxyl, one of which is in the oxatyl, and the 
other in the positive part of the compound. The hydrogen of 
the latter hydroxyl may be displaced by very positive metals, in 
the same manner as the hydrogen of the hydroxyl in alcohols ; 
but it cannot be displaced by double decomposition with bases 
in the same maimer as the hydrogen in the oxatyl may be sub- 
stituted. 

The acids of the fifth series are termed trihydrie and mono- 
basic, indicating that they are derived from the triacid alcohols, 
and that they contain, besides the hydroxyl in the oxatyl, two 
other atoms of hydroxyl in the positive part of the compound. 



1. ACETIC OR FATTY SUBIU8 OF ACIDS, 

General formula ... i rjOH**^ * 

These acids may be conveniently arranged under three divi- 
sions, viz. : — 

A. Normal acids. 

General formula . . . | q§^'^'^^'' 

B. Secondary acids. 

General formula ... { ccSb**^'^*^- 

o5 
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C. Tertiary acids. 

General formula ... {cOH^*^'^'' 



A. NORMAL ACIDS OF THE ACETIC OB FATTY 
SERIES. 

General formula ... { cOH?*^'^^' 

In formic acid, which is generally considered to be the first 
term of this division, the radical C{CAm^\)^^ is replaced by 
H ; and in acetic acid the value of «=sO. The following is a 
list of the normal fatty acids : — 

Fofliiig- Boiling- 
point point 

Formicacid 1 COHo '^^^' 10^- 

Aceticacid (g^H^ or{gg.H^ ^VT. 117°. 

-,..., fCMeH. fC(CH,)H, ,.,0 

Propionic acid • ( oOHo **' j COHo •• "^ " 

B.t^« «id ... { ggS 0, { gSJ-)=. ... '^, IW. 
V-e.o»id {gSS«r(g<X)=.... — 17... 

Caproic acid ... | ooHo °^ \ COHo - +^ " ■^** ' 

(Enan%lica«id{g^yHH.„,|C(C^H„)H, __ g^g, 

Caprylicacid ...jggPH. or {gg^«")«V.. +14°. 236° 
Pelargonicacid {cOhV^'" +^®°^ ^®°° 



►O 
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point 



Capricadd {oofe^"^°* 27»-2(80<'). 



Lauricadd (cOHo"^^' ^''■^• 



Myristicacid {coflo''^^' ^^'^■ 

Palmitic acid {cOH?"^"* ^^• 

Margaricacid {cOHo"^^* ^^'^^ 

Stearicacid (cofl?"^^' ®^*'"^- 

Arachidicacid (cOIi?"^^* ^^°- 

Behenicacid foOH?"^^' ^^• 



Ceroticacid {cofi?"^^' 



78° 



Melissicacid ■! ^S""^°» 88' 



/C(C„H. 
\COHo 
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Occurrence. — The greater number of the acids of this series 
are met with ready formed in nature, some in the free state, as 
formic acid in ants and nettles, valeric acid in the valerian 
root, pelargonic acid in the essential oil of the Pelargonium 
roseum, and cerotic acid in bees-wax. 

Others are met with as the ethereal salts of monacid alcohols. 
Thus spermaceti is cetylic paJmitate, and Chinese wax oerjlic 
cerotate. 

A large number exist as natural &ts in the form of the 
ethereal salts of glycerin : this is the case with butyric, pal- 
mitic, and stearic adds, which, united with glycerin, form 
respectively butyrin, palmitin, and stearin. 

Formation. — 1. By the oxidation of the normi^ alcohols of 
the methyl series, as in the conversion of alcohol into acetic 
acid by heating it with a solution of chromic acid : — 

{c|ho + O. - {g^fe, + OH.. 

AloohdL Aoetto Water. 



2. By the action of alkalies or acids upon the cyanides of 
the CmHj^i series of radicals : — 

{%^^^ + KHo + OH. - (g-J^« + NH.; 

CTanide. Potaaaio Water. Foturio Ammonia, 

hjdrste. aalt. 

and 
(ON''^' + HCl + 20H. - {g-^* + NH.Cl. 

CjaBide. Hydrodilorio Water. Add. AmmoDie 

add. oiiland(>. 

Instances of these reactions are seen in the treatment of 
ethylic cyanide by a boiling solution of potassic hydrate, when 
it is converted into potassic propionate, ammonia being evolved, 
thus — 
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fCMeH, 

• CN'" 


+ KHo -h OH, 


- {%^& - ™.> 


KthyUo 


Potaimo Water. 


Potaasio AmmonU. 


•TBiiide. 


hjdnto. 


propionate. 



and in the conversion of ethylic cyanide, by the action of hydro- 
chloric acid, into amnionic chloride and propionic acid — 

{gMeH. ^ HCl + 20H, = (g^eH, ^ ^^^1. 

Bthjlio Hydrochlorio Water. Propionie Ammonio 

oyamde. add. add. chloride. 

3. By the action of the potassium or sodium compound of the 
C„Hj^i radicals upon carbonic anhydride — 

CO, + C.H^,Na = {^^^^V 

Carbonic Sodium Sodic 

anhydride. compound. lalt. 

as, for example, in the formation of sodic propionate by the ab- 
sorption of carbonic anhydride by sodic ethide : — 

CO. + CMeH,Na = {g^«=.. 

Carbonic Sodic ethide. Sodic 

anhjdride. propionate. 

4. By the oxidation of aldehydes — 

COH + ^ - jcOHo' 

Aldehyde. Add. 

as in the conversion of acetic aldehyde into acetic acid by 
the absorption of atmospheric oxygen : — 

{SSh + O - {g&o- 

Acetic Acetic 

aldehyde. add. 

Besides these reactions of general application, there are 
numerous special methods for the production of certain mem- 
bers of this series. In most of these methods, however, the 
reactions cannot be clearly traced. 

Thus, by the oxidation of albumen, fibrin, casein, and other 
similar substances, there are produced formic, acetic, propi- 
onic, butyric, valeric, and caproic acids. 
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Propionic and butjric acids are produced in some kinds of 
fermentation ; and acetic acid is obtained by the destructive 
distillation of wood and other similar substances. 

BelatioM of the Normal Fatty Acids to the CJItn+i Series of 
BadicaU, 

1. When these acids are submitted to the action of nascent 
oxygen evolved by electrolysis, the negative radical oxalyl is 
converted into carbonic anhydride and water, the positive 
radical being set at liberty : — 

2(cOHo" + O - {^ll\ + 2C0. + OH.. 

Aoid. Poaitire Carfoonlo Water. 

ndioal. anhydride. 

On electrolyzing a solution of potassic valerate, hydric po- 
tassic carbonate and the normal radical butyl are formed : — 

2{&^o + OH, + O = {g|=. + 2COH0K0. 

Potassio Water. ButyL Hydrio potaanc 

valerate. carbonate. 

2. When the ammonic salts of these acids are heated with 
phosphoric anhydride, they are converted into cyanides of the 
radicals of the CnHan-i-i series — 

(c'^N^O) + 2P.0. - (g-jJ^S- + 4PO^o. 

Ammonio salt Fhosphorio Cyaoide. Metaphoipluirie 

anhydride. acid. 

as in the transformation of ammonic acetate into methylic 
cyanide by distillation with phosphoric anhydride : — 

Ammonic Phosphoric Meth^lio Metapho^ihorie 

acetate. anhydride. (^amde. add. 

These cyanides are converted into normal monacid alcohols 
by Mendius's reaction (see p. 248). 

Prom the alcohols so obtained, the CnHm+i radicals are iso- 
lated as described at page 246. 
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Belations of the Normal Fatty Acids to the C Jltn+iHo Series qf 

JJeohols. 

1. By oxidation the normal alcohols yield these acids, as above 
shown. 

2. Conyerseij, the normal fatty acids can be converted into 
the normal C|,Hs«+iHo alcohols, — 

Ist, by Mendius's reaction (see p. 248) ; 

2nd, by Piria and Wurtz's reactions, viz. : — 

Distillation of the potassic salt of the &tty acid with an 

equivalent quantity of potassic formate, by which the acid is 

converted into the aldehyde — 

{c^^o^' + {cOKo - {cbV' + COZo.. 

Potewio Potaaaio Aldehyde. PotaMio 

salt formate. oarbonato. 

and subsequent treatment of the aldehyde by nascent hy- 
drogen — 

COH + ^» - iCHaHo- 

Aldehjde. Normal 

alcohol. 

delations of the Normal Fatty Acids to each other. Ascent qf 
the Series. 
If the hydrogen constituting the positive part of formic acid 
were substituted successively by methyl, ethyl, &c., the whole 
series of normal fatty acids would be obtained : — 

H 



COHo- 
COHo- 



Pormic add 

Acetic acid 

Propionic acid .. {cOTo* 
Butyric acid { c'^o' 

This substitution has not yet been accomplished ; but an 
analogous series of reactions has been effected with acetic acid. 
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By the action of sodium on acetic ether, one of the hydrogen 
atoms in the positive part of the compound becomes substituted 
by sodium, producing 

Monosodacetic ether | S5pJ*. 

By acting on this body with the iodides of the CnS»n+i 
radicals, ethylic salts of the higher acids are produced. 

On submitting monosodacetic ether to the action of metbylic 
iodide, for instance, propionic ether is formed — 

fCH,Na -CHI - /C(<^H.)H, ^^, 

\COEto + ^"'^ tcOEto + ^"' 

MonoflodaoetioJ Methvlio Propionic Sadie 

ether. iodide. ether. iodide. 

and by the action of ethylic iodide, butyric ether is produced — 
(§54* * W - {gg^^->"- + N.I. 

Monoaodaoetio Ethjlio Butyric Bodie 

ether. iodide. ether. iodide. 



FOBKIC ACID. 

Molecular weight «4i6. Molecular volume fTl - 1 ^»^^ of 
formic acid vapour weighs 23 criths. Sp.gr, 1*2853. Fuses 
at 1° C. BoiU at 100° C. 

Occurrence, — If red ants be made to pass oyer blue litmus- 
paper and be at the same time irritated, they leave a red streak 
behind them, produced by the formic acid which they eject. 
By placing the hand on an ant-hill, a tingling sensation is felt 
from the same cause, and the hand acquires the powerful and 
pleasant odour of formic acid. 

Formic acid also occurs in the hairs of certain caterpillars, 
and in the sting of nettles. 

Formation, — 1. Formic acid is produced in a very large niun- 
ber of chemical reactions, as in the oxidation of many organic 



FORMIC ACID. 805 

matters (such as starch, woody fibre, or tartaric acid) by a mix- 
ture of sulphuric acid and manganic oxide, or by potassic hy- 
drate or chromic acid. 

2. By the action of potassic hydrate on chloroform, potassic 
formate is generated: — 

CHCl, + 4KHo = CHOKo -h 8KC1 ,+ ?OH,. 

Ghlorofonu PotMsio PotMuo Potudo Wstor. 

hjdnte. formate. obloride. 

8. By the oxidation of methylic alcohol : — 

{cH.Ho + O. - {goH„ +• OH.. 

Methjlio Formic Wstor. 

aloohoL Mtd. 

4. By heating equal weights of dry oxalic acid and glycerin 
together to 75° C, when the oxalic acid splits into formic acid 
and carbonic anhydride : — 

fCOHo _ fH . c^ 

Ozalio FOTmio Carbomo 

Mid. .add. anhjdride. 

5. By digesting together at 100°, for forty-eight hour8,pota8sic 
hydrate and carbonic oxide : — 



KHo 


-b CO = 


1^ 

I COKo- 


Potaeaio 
hjdrate. 


Cariwmo 
oxide. 


Potaaio 
fomute. 



Formic acid from any of these source^ is obtained in the 
concentrated state by decomposing plumbic formate with sul- 
phuretted hydrogen, and afterwards rectifying the acid oyer 
plumbic formate : — 



CHOp, „ 


+ SH, - 


'^tcOHo 


+ 


FbS". 


PlomUo 
formate. 


Bolphwetted 
kydiogen. 


Formic 
acid. 




Plnmbio 
■ulphide. 
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Oharacter, — When Heated with concentrated sulphuric acid, 
formic acid splits into water and carbonic oxide : — 

{cOHo = CO + OH, 

Formio Carbonio Water, 

add. oxide. 

Chlorine converts formic acid into hydrochloric acid and car- 
bonic anhydride : — 

{cOHo + CI. = 2HC1 + CO, 

Formio Hjdroohlorio Carbonio 

add. add. aahjdride. 

When heated with excess of mercuric oxide, it is converted 
into carbonic anhydride and water, the mercury being reduced 
to the metallic state : — 

{cOHo + HgO - CO, + Hg + OH,. 

Formio Meronrio Carbonio Water, 

add. oxide. aahjdride. 



ACETIC ACID. 

/CH3 
\COHo- 
Molecular weight =60. Molecular volume Fl 1 . 1 lUre of 
acetic acid vapour weighs 30 criths, 8p, gr, 1*064. Fuses 
a^-hl7°. BdU at lir, 
Occu/rrence, — Found in small quantities in the juices of 
plants and in animal fluids. 

Manufacture, — 1. By the destructive distillation of wood, 
a liquid is obtained which contains acetic acid ; the acid is pu- 
rified by being converted first into a calcic, and then into a 
sodic salt, the latter being afterwards decomposed by sulphuric 
acid. 
2. By the oxidation of ethylic alcohol : — 

{cilHo + O' = {c^Ho + O^.- 

Ethylio Aoetio Water, 

aloonol. add. 
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TreparaHon, — Pure acefcic acid maybe obtained by distilling 
potassic diacetate : — 

fCH, rCH, fCH, . JCH, 

\COKo' jCOHo "" ICOKo + tCOHo' 

Fotaimo duKietate. Fotanio Aoetic 

aoetate. add. 

Character, — Chlorine acts on acetic acid in sunlight, pro- 
ducing three chlorinated acids, in which chlorine is substituted 
fop hydrogen : — 

Aoetio KoDoohloraoetio Hydroohlorio 

Mid. add. add. 

fCH^Cl . f^ _ rCHCl, . „p, 
tcOHo + CI, - joOHo "•" °^- 

Monoehloraoetio Didiloracetic Hjdrochloric 

add. add. add. 

Didiloracetio Triohloraoetio Hydroohlorio 

add. add. add. 

The salts of acetic acid in which the hydrogen of the ozatyl 
is replaced by monad metals have the general formula 

fCH, 
tCOMo- 

The acetates of the dyad metals have the constitution repre- 
sented by the following general formula : — 

CO-Om" „. /S5f^^ ^ CMeO-0„„ 

By the action of phosphorous trichloride, acetic acid yields 
acetylic chloride: — 

8{cofeo + '•CI. -8 {§5^ + POHHo,. 

Aoetio Fho«>horoiu Aoetylio Fhoaphorafcw 

add. trionloride. ohloride. add. 
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PROPIONIC ACID, Methaeetie AM. 

rOMeH, 
\OOHo • 

Molecular weight =s 74 Molecular volume i I 1 1 litre of pro- 
pionic acid vapour weighs 37 criths. JBoile at 141^. 

Preparation, — 1. By the oxidation of metacetone — ^a liquid 
obtained by the distillation of a mixture of sugar and lime. 

2. By the action of concentrated solution of potassic hydrate 
on sugar. 

8. By the fermentation of glycerin, and also of sugar, by 
means of putrid cheese in the presence of calcic carbonate. 

4. By the action of potassic hydrate or hydrochloric acid on 
ethylic cyanide (see p. 300). 

5. By the action of carbonic anhydride on sodic ethide 
(see p. 301). 

6. By the action of hydriodic acid on lactic acid : — 

jOOHo ^ ^^^ - loOHo + OH. + I,. 

Laotio Hjdriodio Propionio Water, 

add. add. aoid. 

7. By the action of methylic iodide on sodacetic ether (see 
page 304). 



BTJTYEIC ACID, Ethacetic Acid. 

i OEtH, 
tOOHo' 

Molecular weight =88. Molecular volume I I L 1 litre of 
butyric acid vapowr weighs 44 criths. 8p, gr, 0'9886. 
Fuses below —20°. Boils at 161° C. 
Occurrence, — In butter, juice of flesh, perspiration, and many 
animal secretions. 

Preparation. — 1. By the fermentation of sugar with putrid 
cheese. 
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2. By the action of ethylic iodide on sodacetic ether (for 
reaction, see page 304). 



VALEBIC ACID, Valeriame Acid. 

JOPrH, 
1 OOHo- 

Jdblecular weight =102. Molecular volume I i 1 . 1 Utre of 
Valerie acid vapour weighe 51 crithe, Sp, gr, 0'937. BoiU 
at 175^ 

Oeeurrenee. — ^In many plants, as in the roots of valerian and 
angelica. 

JPreparaiian. — By the oxidation of amylic alcohol with a mix- 
ture of sulphuric acid and dipotassic dichromate : — 



AmrUo 
alodhoL 



0(C.H,)H, 



{coA 



y.lerio 
Mid. 



+ OH.. 

Water. 



Isomerie forms, — ^There are four possible isomers of valeric 
acid: — 

Normal valeric acid or f OPrH,^^ f OH,(OH,[OI[,(CH,)]) 
propyhicetic acid ... I OOHo \ OOHo 




ff P«,p,U»«. -d ... ( ^f. » { ^°=«^.>J. 
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Methetha^aticacid ...{gggJ^=or{gg(j^)CC^(^.)3. 




Trimethacetic acid 



fCMe, „, fO(CH,), 




(Sydy®® 



Of these, the normal, the jS propylacetic, and the trimetha- 
cetic acid are known. 



B. SECONJDAItT FATTY ACIDS. 

General formula... { COH^*''^'^'^- 

FomuOian. — By the action of the iodides of the C»H^^i 
radicals on disodacetie ether, the ethereal salts of these acids 
are produced. 
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SIHETHACETIC ACID, or Isobutyric Acid. 

fCMe^H: 
t OOHo • 

Molecular weight =88. Molecular volume I I 1 . 1 litre of 
dimethacetie acid vapour weighs 44 criths. Boils at 152°. 
Isomeric with butyric or ethacetic add. 

. Preparation. — ^Ab a potassic salt, by the action of methylic 
iodide on disodacetic ether and the subsequent decomposition, by 
alcoholic solution of potash, of the ethereal salt so formed : — 

Diflodaoetio Methrlio Dimethaoetio Sodic 

ether. iodide. ether. iodide. 

{^^ * ^- {^Z ^ ^- 

Dimethaoetio Fotaaaic Potaesio AloohoL 

ether. hjdrate. dimethaoetate. 

qqA ' isomeric with caproic acid, and 

diamglacetic acid, < qoHo ' ^^^"^^^^ ^^^^ lauric acid, have been 

prepared by the substitution of ethylic and amyHc iodides in 
the above reaction. 



C. TUBTIAET FATTY ACIDS. 

General formula. . . j COH^*^'^'" 

JFormation. — As ethereal salts, by the action of the iodides 
of the C»H»^.i radicals on trisodacetic ether. 
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TBDCETHACETIC ACIP. 

fCMe, 
t OOHo- 

Molecular weight =102. Molecular volume I I L 1 Uire of 
trimethacetic acid vapour wdghe 61 criihe. Itomerie tmth 
valerianic acid, 
For the graphic formula of trimethacetic acid see p. 310. 
FreparaMon, — ^As an ethereal salt, by the action of methylie 
iodide on trisodacetic ether : — 

[To^ + SMel - (g^li, + 8NaL 

TruodAoetio Methrlio TiimethAoetio Sodie 

ethar. iodide. ether. iodide. 



CHAPTER XXXIX, 

THE ACIDS. 

2. ACRYLIC OR OLEIC SERIES OF ACIDS. 

General formula of normal and f C(C.HaM)"(C»H»»^i) 
secondary acids \COHo 

This series is divided into normal, secondary, and olefine 
acids. In the normal acid m=0 ; in the secondary it must be 
a positive integer. 

Most of the normal acids exist as glycerin ethers in 
natural fats and oils. 

The following is a list of the acrylic series of acids : — 



A. NORMAL ACIDS. 
Acrylic acid 

Crotonic acid 

Angelic acid 



rCMe"H rC(CK)"H 

OOHo ^' tOOHo 
f OEf'H 



OOHo 

r CPr"H 

OOHo 



or 
or 



C(aHJ"H 
OOHo 
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T> ^ k- 'A fOBu"H fO(C,K)"H 

Damalurie acid CjK^fi^. 

Damolicacid CigH^^Oj,. 

Moringic aeid \ p "ff n 

Cimicica<5id J ^is^Ts^r 

Pliysotoleic acid \ 

Hypogseic acid I CieB^aoOj. 

Graj'dic acid J 

Oleicacid fOCCArH 



(SSaf-''' 



Elaadicacid O.^'BiJ)^ 

Doeglicacid CiAe^a- 

Brassic acid. (H^rucic) n it r\ 

acid.) 1 ^-^"^'• 

B. SJECONDART ACIDS. 

MethacyHcaeid (g^|?^ or (gCg^nCH,). 

Methylcrotonicacid (gg^f or ( g<?£')"(^='^. 

Ethylcrotonic acid { gg£f or { g(S?'>"(^"«'>. 

C. OLEFINE ACIDS. 

fOMe"H rC(CHJ"H 

/3 Crotonic acid \ OH, or \ OH^ 



oofto \ooko 

Sbrmation of Normal Aaidt. — 1. By the oxidation of the 
alcohob of the vinyl or C,Hft,_iHo aeries : — 

ICH-Ho + ". - \OOHo + "^- 

iUoohoL Add. Water. 

2. By the oxidation of the aldehydes of the acrolein or 
\COH 



|C(aH,rH^ri^^_ 



fO(C.H^)"H . o - /C(C.H^)"H 
\OOH + t> - |cOHo 

Aldehyde. Aoid. 



P 
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Formation of Secondary Acids. — ^By the action of the phos- 
phoruB chlorides or of phosphoric anhydride upon the ethereil 
salts of secondary acids of the lactic series, the elements of 
water are removed and the ethereal salts of the acrylic seccD- 
dary division of acids produced : — 

fO(C«H^0^o PC, „ 3fC(C.H^)"(CA..O 

^jOOEto + ^^^ " ^toOEto 

Ethereal salfc of Fho«>horoiu Ethereal amU of 

tile laotio Miiee. trichloride. tiie aoiylio aerie*. 

+ POHHo, + 8HC1. 

FhoaphorooB Hydiodhlo- 

•cid. no acid. 

Formaiian of Ol^fine Acids, — By the action of potassic 
hydrate upon the cyanides of the C»Hs».i fiamily of radicab:— 

OMe"H rOMe"H 

CH, -h KHo + OH, a= ^ OH, + NH,. 

ON^" iOOKo 

AlljUo oyanide. Foteasio Water. Fotaaaie Amm««;^ 

hydrate. fi crotonate. 

Belations of the Acrylic to the Acetic Series of Acids. 

The normal and secondary acids of the acrylic series, when 
treated with fused potassic hydrate, yield the potassic salts 
of two normal acids of the acetic series : — 

Add of the aoqrlio series. Fotaasio Fotaane salt of add 

hydrate. of flie aoetio aeriea 

Fotaado salt of add 
of the aoetio series. 

All the members of the acryUc series found in nature give 
acetic acid as one of the acids produced in this reaction. 
From this and other considerations it is believed that their 



I 



ACRYLIC ACID. 



315 



basylous radicals all contain one atom of hydrogen and a dyad 
radical. They are normal acids ; and by the action of fased 
potassic hydrate the dyad radical becomes substituted by two 
atoms of hydrogen. Thus : — 



/ CMe"H: 
jCOHo 

Aarylioaoid. 

fCEt"H 
\OOHo 

Crotomo 



+ 2KHo 

Fotaaaic 
hydxate. 

+ 2KHo 

Fotaaaic 
hydrate. 



OH, 
OOKo 

Fotafsio 



{ 



= {9?.- 



COEo 

FotHsio 



\COKo 

PotMiia 

formate. 

fCH, 
tOOKo 

FoteMio 



+ H, 



+ H, 



f CPr"H 
\COHo 

Angelio 
aad. 



+ 2KHo •• 

Fotaraic 
hydrate. 



{oOKo 

Fotanio 



+ K 



fOMeK 

tOOKo 

Fotaano 
propionate. 

Some of the secondary acids also give acetic acid when treated 
with fused potassic hydrate ; but this can only happen when the 
dyad radical is ethylene, thus : — 



f OMe"Me 
tCOHo 

KethaoryUo 
add. 

fCEf'Me 
tCOHo 

Methyloro- 
tonioaoid. 

f CEt"Et 
\COHo 

Eihyloro- 
tonieaoid. 



2KHo 


fOMeH, 
*" ICOKo 


+ 


COKo 


Fotaasic 
hydrate. 


Fotawic 
propionate. 




Fotanie 
formate. 


2KHo 

Potaano 
hydrate. 


fOMeH, 
- \OOKo 

Fotawio 
propionate. 


+ 


coko 

FotaMic 
acetate. 


2Kilo 


CEtH, 
- \OOKo 


+ 


{coko 


FoteMio 
hydrate. 


FotMrio 
bn^Trate. 




FotsMio 
acetate. 


ACBYLIC ACID, 








fCMe"H 
OOHo • 






=72. 


Soil* at about 100°. 



+ H, 



+ H, 



+ H, 



Molecular weight =72. 

JPreparation, — ^By the oxidation of acrolein with argentic ox- 
ide : — 

rOMe"H , rs. fOMe"H ^ . 

Aarolein. Argentic oxide. Acrylic add. 

f2 



316 THE ACIDS. 

Eeaetions. — 1. Acrylic acid, under the inflaence of xuuceEt 
hydrogen, produces propionic acid : — 

rCMe^H . ^ fCMeH, 

jOOHo + ^ * tOOHo ' 

Aoylioaflid. Propionic 

2. Acrylic acid also combines directly with bromine, pro- 
ducing dibromopropionic acid. 



OLEIC ACID. 

PreparaHon, — ^Obtained in the purification of stearic acid. 
Beaction, — Heated with potassic hydrate, it gives potasaie 
acetate and palmitate : — 

Oleioodd. Potassio Potaano Potaaae palmifrtw 

hydrate. aoetete. 



CHAPTER XL. 

THE Aans. 



3. LACTIC SEBIES OF ACIDS, 

Gheneral formula of normal and secondary acids : — 

rO(C«H»,+0(C«H^+0Ho 
tOOHo 

In the normal acids m in this formula bO ; but in the secon- 
dary acids it must be a positive integer. 

The members of the lactic series may be defined as acids 
containing one atom of ozatyl, the fourth bond of the carbon 
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of wbich is united with the carbon of a basjlons group, con- 
taining one atom, and one only, of hydroxyl, or of the peroxide 
o£ a monad radical, either idcoholic or acid. The following 
examples will serve to illustrate this definition : — 




I«ctioftcid. 



The adds of this series at present known, or which could 
be obtained bj obvious processes, are classified into the fol- 
lowing eight divisions : — 

1. Normal Acids. 

2. Etheric Normal Acids. 
8. Secondary Acids. 

4. Etheric Secondary Acids. 

5. Normal Olefine Acids. 

6. Etheric Normal Olefine Acids. 

7. Secondary Olefine Acids. 

8. Etheric Secondary Olefine Acids. 



1st. Normal Acids. — A normal acid of the lactic series may 
be defined as one in which an atom of carbon is united with 
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oxatyl, bydroxyl, and at least one atom of hydrogen. The 
p^nend formula of these acids is therefore 

JO^HHo 
\OOHo • 

In this formula K mar be either hydrogen or any monad 
alcohol radical ; and the number of acids possessing the sazae 
atomic weight, and belonging to this division, is determined hj 
the number of isomeric modifications of which the alcohol 
radical is susceptible. Thus, of the adds containing two, three, 
or four atoms of carbon, there can be only one of each belong- 
ing to this division, because these acids cannot contain a& 
alcohol radical higher in the series than ethyl, and this radical 
is not susceptible of isomeric modification ; but a normal acid 
containing propyl can have one isomer in this division, the twD 
acids containing respectively propyl (OEtH,) and isopropyl 
(CMe,H). For acids of this division containing normal alco- 
hol radicals only, the following general graphic formula may be 
given : — 




In the case of glycollic acid naaO. 

The following are the acids at present known belong^n^ to 
this division : — 

GlycoUicacid {cOHo^" 

^cacid jg^^^o. 

Oxybutyricacid {c^°- 
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Viderolactic acid 



Leucic acid . 



fOPrHHo 
tcOHo • 

JOBuHHo 
tOOHo ' 

52nd. JEtheric Normal Acide. — ^An etheric normal acid of the 
lactic series is constituted like a normal acid, but contains a 
monad organic radical, chlorous or basjlous, in the place of the 
hydrogen of the non-^>xatyUc hydroxy! The following is there- 
fore the general formula of these adds : in the graphic formula 
n, as before, may =0. 




or 



C^HEo 
\COHo • 






The number of possible isomers belonging to this division is 
very great ; for, in addition to those of which the normal acids 

containiag E of the same value are susceptible, a host of others 

+ ± 

must result from the complementary variation of S and E. 

The lowest member of the division, methylglycollic acid (iso- 
meric with laddc add), is the only one incapable of isomeric 
modification. 

The following examples will serve to illustrate the constitu- 
tion of the acida belonging to this division : — 

Methylglycollic acid (ooS^^' 

Ethyl-kcticacid {oOH?^*''- 

Aceto-lactic add [S^?^"^* 

\OOHo 

3rd. Secondary Acids. — ^A secondary add of the lactic series 
* Aoo sperozide of aoeiyl, QrHsOs. 
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is one in which an atom of carbon is united with oxatjl, hy- 
droxy!, and ttoo atoms of a monad alcohol radical Tlie 
general formula of these acids is 




CR 



Ho 



© ^' {coho 



In the graphic expression, the Vidues of n and m may differ; 
but both are positive integers, and neither may =0. In the 

symbolic formula B must be a monad idcohol radical The 
following examples will serve to illustrate their constitution :— 

DimethoxaUc acid {cO§?^- 

Ethomethoxalicacid {oo*^^^''- 

Diethoxalic acid \ qoHo^' 

The number of acids possessing the same atomic weight, and 
belonging to this division, is determined, first, by the comple- 
mentary variation of the two alcohol radicals, and, secondly, 
by the number of possible isomers of these radicals. The two 
lowest terms of the series are alone incapable of isomeric modi- 
fication by either of the causes mentioned. 

4th. Etheric Secondary Acids. — ^These acids stand in the 
same relation to the secondary as the etheric normal to the 
normal acids; they consequently contain a monad organic 
radical in the place of the hydrogen of the non-oxatylic by- 



ACIDS OF THE LACTIC SERIES. 



321 



droxyl. TBie following is therefore the general formula of 
these acids: — 



® 




-® " {^- 



5th. Normal Olefine Acids, — ^A normal olefine acid belonging 
to the lactic series is one in which the atom of carbon united 
with oxatyl is not combined with hydroxyl, and in which the 
atom of carbon united with hydroxyl is combined with not less 
than one atom of hydrogen. The following are the general 
graphic and symbolic formulae of the acids belonging to this 
division : — 



0H2HJ- 



© 

..(^HoHh) 



or 



'o£hHo 
:OHo 




In both these formulie n must be a positive integer and 

cannot =0, but "Si may be either hydrogen or a monad alcohol 
radical. The defines of these acids may belong either to the 
ethylene or ethylidene series. 

The following are the only acids at present known belonging 
to this division : — 

rCH.Ho 

Paralactic acid 1 CH, 

lOOHo 



Faraleucic acid. 




p5 
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The number of isomers in tUs division will obvioaalj depend 

first, upon the complementary variations of K and (CH^.: 

secondly, upon the isomeric modifications of whicb A is sus- 
ceptible; and thirdly, upon the isomeric modifications of 
(CH,).. 

6th. Mherie Normal Olefine Acids, — ^These acids only diflTer 
from the normal olefine acids in having the hydrogen of the 
non-oxatylic hydroxyl replaced by an organic monad radical, 
positive or negative ; their general formula is therefore. 



© 



•©^©-(D 



or 



rc^Bo 



As in the fifth division, n must be a positive integer and cannot 
=0, whilst S may be either hydrogen or a monad alcohol 

radical ; but £ must be a monad compound radical, either acid 
or alcoholic. 

7th. Seoondary Olefine Acids, — A secondary olefine acid of 
this series is one in which the atom of carbon united witb 
oxatyl is not combined with hydroxyl, and in which the atom 
of carbon united with hydroxyl is also combined with two 
monad alcohol radicals, as shown in the following formula : — 



C^Ho 
COHo 



® 

0-0-0 (^ (^-<2X^ 

In both of these formula n must be a positive integer and 
cannot =0, and K must be a monad alcohol radical. 

8th. Etheric Secondary Olefine Acids. — ^These acids are 
related to the secondary olefine acids in the same way as the 
sixth division to the fifth. No member of the seventh or eighth 
division has yet been formed. 
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Formation cf the Normal Aeide.-^l, By the oxidation of 
the glycols, or diacid alcohols. 

{^o + o. - {^: + OH, 

OljooL GljooUio Water. 

add. 

2. By the oxidation of the C^Ha^iHo alcohols: — 

(c|ho + 0. = {%^£o + OH. 

Bthvlio GlyooUie Water. 

aloonoL add. 

3. From the fatty adds, by converting them first into chlo- 
ro-substitution acids, and then acting upon these compounds 
with potassic hydrate : — 

ogyauoH. ^ 01. . (§§£-.)='" + Hcu 

Fatty add. Chlorofrtty add. Hydrochloric 

add. 

|O^H.,0Ha ^ BiHo = {ggS?-^)°«° + KCl. 

CUorobtty add. Poteodo Kormaladdoftiie Potassic 

hydrate. laotio aeries. chlorid**. 

Mrmation of Secondary Acids. — By the action of the zinc 
compounds of the monad radicals upon ethylic oxalate, and 
the subsequent addition of water : — 

rcoEto . oznrrH ^ .. JC(aH2M-i)a(Zn"C,H3^iO) 

i COEto + 2Zii(C,H»H.i)a - \ cOEto 

Btiiylio Zino oomponnd of 

oxalate. monad radical. 

+ S5ii(C,H^,)Eto; 
t COEto + '*""« ~ t COEto 



{ 



{& 



Water. Secondary add. 



H»»fi + ZnHo,. 



Hydride of Zindo 

radaoaL hydrate. 
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Fortnation of Olffine Acids, — By uniting a dyad radical wit!: 
carbonic ozydichloride {phosgene gas) under the influence of sun- 
light, and subsequently acting upon the product with potassi; 
hydrate : — 

■55. 4. OOCL - /^a. 



{ 



Qjj» + COCl, = |c^(COCl)' 

Sthjlene. Carbonio dzydi- /3 Chlorpropionylic 

chloride. chloride. 

(FhoflgenegM.) 

{ci:EcOCl)+8^° = {§tgoKo)+2KCl+OH,. 

^ Chlorprojpionylio PotaMio Potewio PotMao Water. 

chloride. hydrate. panJaotate. chloride. 

Relations of the Lactic to the Acetic Series of Acids. 

1. The transformation of the acetic or fatty into the normal 
lactic series of acids has been mentioned above (p. 323). 

2. The converse operation is effected with the normal and 
secondary acids of the lactic series by means of hydriodie add :— 

jCOHo +^^'*\COHo 

Add of lactic aeries. Hydriodie Acid of acetic amea. 

acid. 

+ OH. + I,. 

Water. 

If m does not =0 the fatty acid will be a secondary one, 
like the member of the lactic series from which it is derived. 

delations of the Lactic to the Acrylic Series of Acids. 
If the ethereal salts of the secondary acids of the lactic series 
be treated with phosphorous trichloride, the ethereal salts of the 
Hecondary acids of the acrylic series are produced : — 

^tcOEto +'^^*-^tC0Et0 

Ether of lactic aeriea. Phoaphorona Ether of actylic aoiaa. 

trichloride. 

-f POHHo, + 3HC1. 

Phosphorona Hydrochloric 

acid. acid. 
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This reaction has not yet been produced in the case of the 
normal acids of the lactic series. 

A secondary lactic acid minus OR^^s an acrylic acid. The 
reverse of this operation has not been performed. 

LACTIC ACID. 

f CMeHHo 
\COHo 
S^, gr. 1-215. 

Occurrence. — In sour nulk, Sauerkraut, fluids of muscular 
tissue, gastric juice, saliva of diabetic patients. In the acid 
liquor of starch-£&ctories, in blood, urine, tears, bile, &c. It is 
also a general product of putrefactive fermentation. The acid 
contained in animal fluids is paralaetic acid (see p. 827). 

Preparation, — By fermenting sugar with putrid cheese. 

Por other processes, see pages 829 and 830. 

Its salts have the following general formulsB : — 

' CMeHHo 
i CMeHHo 
tCOMo • 



ICO-Ot^„ 

co-o^- 

^ CMeHHo 

Sails of monad metals. Salto of dyad metala. 



Isomerism in the Lactic Series. 
The synthetical study of the acids of this series affords an 
insight into numerous and interesting cases of isomerism. 
Commencing with the lowest member of the series, we have 
for glycollic acid the formula 
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An inspection of this formula shows that glyooUie acid 
admits of no isomeric modification, except with a total change 
of type. The part of the formula bdow the dotted line repre- 
sents oxatjl, which cannot be altered without sacrificing the 
add character of the compound ; there remains therefore only 
the part of the formula above the dotted line, which admits of 
the following modification: — 




I 



The acid represented by the formula so modified no longer 
comes within the definition of the lactic series. It is carbo- 
methylic acid, and differs essentially from glycollic add and 
the lactic series in general, inasmuch as the carbon of its 
chlorous radical, oxatyl, is linked to the carbon of the basylous 
radical by oxygen*. 

* Bearing this constitution of carbomethylic acid in mind, we have onlj 
to go one step farther in order to perceive the constitution of carbonic add 
itself, and the anomalous basicity of this acid ; for if, in the above graphic 
formula for carbomethylic acid, we replace the methyl by hydrogen, we hare 





Cftrbomcthjlic add. Carbonic add. 

It is thus evident that the radical oxatyl, when united with hydroxyl, has 
sufficient chlorous power to produce a feebly dibasic acid ; but inasmuch u 
carbonic acid is not included in the category of organic acids, it forms no 
exception to the law that an organic acid containing n atoms of oiBtyl is 
n-basic. 
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There being no decisive evidence that homolactic add differs 
from glycoUio acid, experiment and theory both agree in 
asserting that the formula G,H^O, represents only one acid in 
the lactic series. 

Proceeding now one step higher in this series, we have in 
the formula of lactic acid an expression capable of the following 
three variations without quitting the lactic type : — 



No. 1. 



No. 2. 



No. 3. 






Or, expressed symbolically :- 



No. 1. 



No. 2. 



No. a 



fCMeHHo 
tCOHo • 



fCH,Ho 



fCH,Ho 



lCH:(COHo)^^{ggb^ 



fCH,Meo 
tCOHo • 



All the acids represented by the above formulae are known. 
The first expresses the constitution of lactic acid, which 

belongs to the normal division ( j S55^^ ) of the series, 

described at page 317 ; the second shows the atomic arrange- 
ment of paralactic acid ; whilst the third represents methyl- 
glycollic acid. The proof that the first two of these acids are 
so constituted is afforded by the synthetic processes sometimes 
employed to produce them ; for ethylidene cyanhydrate is con- 
verted by ebullition with potash into a salt of lactic acid, 
whilst ethylene cyanhydrate is transformed under similar cir- 
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cumstances into paralactic acid. It has also been mentioned 
above that by the action of phosgene gas upon ethylene, para- 
lactic acid is produced. Now the formation of ethylidene, or 
rather of its compounds, scarcely leaves a doubt that this body, 
if isolated, would have the following atomic constitution : — 



or {.j5^: 



it would consist of an atom of methyl and an atom of hydrogen, 
both united with an atom of carbon, two of whose bonds satisfy 
each other. Thus the formation of ethylidene dichloride from 
aldehyde and phosphoric chloride takes place as follows : — 

{c§b + '•CI. = {%%^ + POCl.. 

Aldehyde. Fhoephorio Ethylidene Fhosphorio 

chloride. dichloride. axytrionloride. 

the oxygen in the aldehyde being simply replaced by chlorine. 
There now only remains one possible formula for ethylene, viz. 



'' {ch:- 



Such, then, being the constitution of ethylidene and ethylene, 
it follows that the former ought to give rise to an acid of the 
constitution shown in formula No. 1, whilst ethylene should 
produce an acid agreeing with formula No. 2. The acids 
actually produced from these sources are lactic and pandactic 
acids ; hence No. 1 is the constitutional formula of lactic acid, 
and No. 2 that of paralactic acid, — a conclusion which harmo- 
nizes perfectly with all the reactions in which the production 
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of these acids can be traced. Thus in the formation of lactic 
acid by the oxidation of propylic glycol, we have 

fCMeHHo , ^ fCMeHHo ^ ^^ 

Prqpylie glyooL Laotio add. Water. 

Again, in the production of this acid from ethylidene cyan- 
hydrate, 

{ CHbo(C]Sr'") +KHo+OH,=. I cHko(COKo) + *™»- 

Ethylidene Potaaoo Water. Fotaoaio lactate. Ammonia. 

oyanliTdnite. hjdrate. 

The formula given for potassic lactate in this equation is only 
apparently different in type from that previously used for lactic 
acid, since 

^(COKo) - OM.HHo(C0K.) - {g«g«°. 



{ 



In the reaction by which chloropropionic acid is transformed 
into lactic acid we have the following change : — 

rCMeHCl , oTTiT^ « fCMeHHo . irpi , ott 
icOHo + ^^^^ "• \COKo + K^ + <>H,. 

Chloropropionic Fotaasio Fotaariclaotate. Potaasio Water, 

add. hydrate. chloride. 

The production of lactamic acid (alanin), and that of lactic 
acid from the latter by the action of nitrous acid, are also 
clearly confirmatory of the above view. 

Ammonio Hydrocranio Water. Hydro- Laot&micadd Ammonio 

aldehyde. ado. chloric (alanin). chloride. 

add. 



laetamicadd ITitrotu Lactic add. Water, 

(alanin). add. 

Not the least interesting reaction illustrative of the consti- 
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tution of lactic acid is the formation of this acid by the actdon 
of nascent hydrogen upon pyruvic acid : — 

fCOMe _L TT _ fCMeHHo 
\COHo + ^ - \COHo • 

FyniTio add. Laotie acid. 

By an analogous reaction, glyoxalic acid, which is the next 
lower homologue of pyruvic acid, has been transformed into 
glycollic acid. 

\COHo + ^ "* ICOHo' 

OlyoxiJio add. Olyoollic add. 

In a similar manner it can be demonstrated that the above 
formula No. 2 expresses the constitution of paralactic acid, 
which belongs to the fifth or olefine division of these acids, 

/cShHo fC^HHo 

i(CH,)';(COHo) ""jgSV"' 

That paralactic acid possesses this constitution is proved, 
first, by its production from cyanhydric glycol — 

{c^V')+ KHo + OH. = JC^J + NH,; 

Oyaiihydrie Poteaaio Water. Potaano AmBKmia. 

I^ljool. hydrate. paralactate. 

and secondly, by its formation from phosgene gas and ethylene 
(see p. 324). 

By the action of water upon the chloride of /3 chlorpropionyl, 
a body of the composition of chloropropionic acid is obtained ; 
but inasmuch as this body yields paralactic acid by ebullition 
with potash, whOst chloropropionic add gives under the same 
circumstances lactic acid, it follows that the former chloro-acid 
must be isomeric, and not identical, with the latter. Now, 
although the formula of propionic acid does not admit of any 
isomer, yet that of chloropropionic acid does, as is seen in the 
following graphic formula : — 
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No. I. 



No. 3. 





A comparison of these fonnulse with those of kctic and para- 
lactic acids (p. 827) shows at a glance that No. 1 is the 
chloropropionic acid which yields lactic acid, whilst No. 2 is 
iso-chloropropionic acid, which^ by the substitution of its 
chlorine by hydrozyl, must yield paralactic acid. By the action 
of nascent hydrogen, both isomeric chlorides wiQ obviously 
produce the same propionic acid. 

The cause of the isomerism of methyl-glycoUic acid (No. 3, 
p. 327) is so obvious as to require no further explanation. 
Proceeding to the next higher stage in the series, such is the 
rapid increase of isomerism, that we now encounter no less than 
eight possible isomers, all within the lactic family. 



NomuiL 
No. I. 



rCEtHHo 
\COHo • 



SeooodaiT. 
So. a. 

fCMe^Ho 

tCOHo • 



Stherio normal 



No. 8. 

fCHJSto 
tcofio • 



Na4 

JCMeHMeo 
tCOHo 



Nonnal olefliMi 



Ko.S. 

CH^o 
COHo 



iro.«. 
fCH,Ho 
4CMeH 
tCOH, 



Etherio normal olellne. 



lo rCMeHHo f 

o' I COHo 1 



No. 8. 

CH^Meo 

^^ - 
COHo 



Of these acids. Nob. 1, 2, and 8 are known. No. 1 is oxy- 
butyric acid ; No. 2 is dimethoxalic acid, which is probably 
identical with acetonic acid. On this assumption, the forma- 
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tion of the latter by the action of hydrocyanic and hydrochloric 
acids upon acetone is easily intelligible : — 

( cSke + CN'"^ + 20H, + HCl = { g^^f » + NH^CL 

Aoetone. ^jdroarvdo Water. Hydro- Aoefconieor 

Mid. chlorio aoid. dimethoxmiio wad. 

The third of the above formula is that of ethyl-glycoUic acid. 

Of the possible acids containing five atoms of carbon, only 
two, viz. ethomethozalic acid and valerolactic add, are known. 
The cause of the isomerism of these two acids is seen at once 
from an inspection of their constitutional formuls : — 

Ethomethozalic acid \ COHo ^' 

Valerolactic acid < qoHo ^' 

Of acids containing six atoms of carbon, the following three 
are known : — 

T ., rCBuHHo 

Leucicacid |cOHo * 

DiethoiaUc acid {cOH^'^- 

fCH^Ho 

Paraleucic acid \ (C A)". 

1 COHo 

The above formula for leucic acid is foimded upon a reaction 
for the synthetical production of this acid from valeric aldehyde 
and hydrocyanic acid. Yaleric acid contains butyl; conse- 
quently valeric aldehyde has the constitution expressed by the 

f "Rii 

formula < nOH' ^^^ ^^^ reaction in question may therefore 
be explained by the following equation : — 

Ammonio Hydro- Water. Hydro- Lencin. Aiamonie 

Talerio aldehyde, cyanic chlorio ddoride. 

acid. add. 
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Such being the rational fonnula of leuein, its transfonnation 
into leucic acid by nitrous acid determines the constitution of 
leucic acid : — 

/ CBuH(N"'B:,) . «,^^^ rCBuHHo . OTT . Tvr 

Leoflin. Nitrons add. Lenoio a43id. Water. 



CHAPTER XLI. 

THE ACIDS. 

4. FTBUriG SERIES, 

General formula | cq^'^**+'^- 

In this formula n may =0. 

The following list contains all the known members of this 
series : — 

GlyoxaUcacid jcOHo' 

Pyruvic acid (cOHo Boib at 166°. 

ConvolTulinoleicacid... {cOHo"^^' ^^^s at 42°. 

Jalapinoleic acid (cOHo*^*'^' " ^^'*- 

Eicinoleic acid {cOHo^'^' » ^''• 

The first two members only of this series are well known. 

These acids are the semialdehydes and semiketones of oxalic 
acid, and they stand in much the same relation to this acid 
as that which acetic aldehyde occupies with regard to acetic 
acid: — 

{coko- {coH- 

Aoetio add. Aoetio aldfihyde. 
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fCOHo rcoH 
\COHo- tCOHo- 

Ozalio Mid. Glyozalio add. 

The same chemical change, when repeated upon the other 
half of oxalic acid, converts this acid into a true aldehyde, viz* 



Glyox,d...{ggg. 



Both glyozal and glyozalic acid are produced by the oxidAtion 
of ethylic alcohol by nitric acid : — 

(c^Ho + O. " (coi + 20H.; 

Bthvlio OljoxaL Water. 

aloonoL 

fCOH . n /COH 

\COH + " - tCOHo- 

Olyoxal, Glyozalic 

add. 

Glyoxalic acid reduces silver salts like an aldehyde, and is 
transformed into oxalic acid : — 

fCOH , ^ fCOHo 
tCOHo + ^ - \COHo- 

Glyoxalio Ozalio 

aoid. add. 

These reactions show clearly the relations of the pyruvic 
series to oxalic acid. 

The pyruvic series is also closely related to the lactic series 
— ^the first two members of the former absorbing hydrogen and 
being converted into glycoUic and normal lactic acids respec- 
tively ; — 

fCOH , „ fCH,Ho 

jCOHo + ^ •= \COHo- 

Oljozalio Glyoollio 

add. acid. 

fCOMe , TT fCMeHHo 

tCOHo + ^ - \COHo • 

PyrnTio Laetio 

add. add. 
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6. TEE 6LT0XTLIC SEBJOES OF ACIDS. 

General formula... I coh?*^*^^''' ^' | cIhI^iHo. 

In the second formula n may ==0. 

The two following acids of this series are known : — 

Farnuik. FhTUoal condition. 

{CH'TTo 
COHo'* ^T^VJf crystalline hydrate. 

fCH^Ho 

G-lyceric acid i CHHo. Syrupy. 

[COHO 

These acids are dihydric, but monobasic, and are related to 
the glycerin series of alcohols in the same way in which the 
members of the lactic series are related to the glycols : — 

fCH,Ho fCH^o 

\CH,Ho- tCOHo- 

GI700L OlyooUio aoid. 

fCBLHo fCH^o 

i CHKo . i CHHo. 

[CH,Ho [COHo 

Glyoerin. Olyoerio add. 

Glyceric acid has hitherto been but little investigated. 



CHAPTER XLII. 

THX ACIDS. 

6. THE BBNZOIO OB ABOMATIO 8IIBIE8 OF 
AOWS. 

Genendformnla... {cSh^*"'^^' 
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The following terms of this series are known : — 

Phenoic acid \ f C^H, Puses at 60^. 

Collinieacidj - iCOHo' Fuses at 100^. 

Benzoic acid | c^h^ "^^'. Fuses at 121°-4. 

Toluylicacid {cgsJ^^'- 

Cuminic acid j § [{^^ •^^'. Fuses at 92°. 

These acids have the same constitution as those of the acetic 
series, but contain the CnHj^-j radicals. 

They have been much less studied than the acetic series, and 
further investigation will probably bring to light other series 
holding towards them the same relation as the acrylic, glycoUic, 
pyruvic, and glyoiylic series bear to the acetic series. Already 
an acryloid acid of this section is known corresponding to an 
unknown homologue of benzoic acid : — 

fC(C,H,)H, fC(C,H.)"H 

\COHo tCOHo 

Unknown add. Cinnamio add. 

Cinnamic acid is decomposed, like the acids of the acrylic 
series, when treated with fused potassic hydrate ; it gives, under 
these circumstances, potassic acetate and benzoate. For the 
analogous reaction in the acrylic series see p. 314. 

Salicylic acid is the lactic acid of benzoic acid : — 

fC(C,H,)H, fC(C.H,)HHo. 

\COHo \COHo 

Benaoio add. Salicylic add. 

and the oil of meadow-sweet (SpircM uUnaria) is generally re- 
garded as the aldehyde of salicylic acid : — 



{ 



C(C.H,)HHo 
COH 
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BENZOIC ACID, 



fC(C,H3)H. 
tCOHo 

Molecular weight sl22. Molecular volume rn » 1 H^^ of 
benzoic acid vapour weight 61 crithe. Fuses at 121°'4. 
JBoiU at 239^. 

Occurrence. — In many balsamB and gums. In putrid urine. 
Freparation, — 1. By the oxidation of oil of bitter almonds 
(p. 295). 

2. By the action of fused potassic hydrate on cinnamic 
acid: — 

Cinnamie Potanio Fotaiaio Potaano 

acid. hydrate. acetate. benaoatou 

3. By boiling hippuric acid with hydrochloric acid : — 
C.H^O. + OH. - C.H.NO. + (g^^i^>^. 

Hippmio Water. Olyoooiii. Benaolc 

aad. acid. 

4. By the action of oxidizing agents on casein or gelatin. 

5. From gum benzoin, by sublimation, or by extraction with 
potassic hydrate and subsequent precipitation of the acid by 
hydrochloric acid. 
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THB AOIDS. 

DIBASIC ACIDS. 

General formula... A(COHo), or {b/^cOHo^' 

A and B being dyad radicals containing GJSLjOi^ 

These acids all contain two atoms of oxatyl ; and if in the 

Q 
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general formula n^m, and Z =0, oxalic add will be the first tern 
of the series. 

Jbrma^um.-— Many of the dibasie acids are produced hj the 
oxidation of substances richer in carbon, such as oils and fats. 
Others are found ready formed in nature. 

Beactions. — ^1. By the action of dehydrating substances, and 
even sometimes by heat alone, these acids lose water, forming 
anhydrides : — 

Add! Wftter. Anhjdride. 

2. If the anhydride be submitted to the action of phosphoric 
chloride, an atom of oxygen is replaced by two of chlorine : — 

(SSSo) + PC . {5^cog^ + Poc. 

Anhjdride^ Fhosphorio Chloride. FhosplioTMi 

dUoride. ozytrienloride. 

3. Both the anhydrides and the chlorides are reconrert^d 
nto the acids by the action of water : — 

fA(COCl) . oQTx _ fA(COHo) . «„p. 

Chloride. Water. Aoid. Hydroddaie 

■roUL 

The dibasic acids may be divided into the four following 

series : — 

1. Succinic or acetoid series •! n*BL_fcoHo\ • 

In the first member of the series m =0. 

2. Fumaricoracryloidseriea " { ^[^^(^gSSy 

8. MaHcorlBctoidBeriea {caA^)^'^- 

4. Tartaric or glyoxyloid seriea ... { g;g:;5;{gl°}. ,' 

The first and second series are dibasic and dihydrie, the third, 
dibasic and trihi/dricy and the fourth, dibasic and ieirtJiydne. 



DIJIASIC ACIDS. 



339 



1. THE SVOCimO OR ACETOIB SERIES. 
General formula . 



OOHo 



C.H» 



or 



COHo 
OOHo 



OOHo 

The following members of this series are known : — 

OOHo 

OH, . Fuses at 140°. 

OOHo 

COHo 

C,H. . Fuses at 180°. Boils at 285°. 

OOHo 

fOOHo 
C,H. . Fuses at 112°. Boils at 200°. 
OOHo 
OOHo 



Malonieacid 

Succinic acid 

Fyrotartaric add . 

Adipicadd 

Fimelicacid 

Suberic add 

Anchoicadd 

Sebadcadd 



Boccellic add . 



0,H, . Fusee at 140°. 

OOHo 

OOHo 

O.H„. Fuses at 184°. 

OOHo 
fOOHo 

■^O.H,, . Fuses at 126°. 
[OOHo 
fOOHo 

^0,H,, , Fuses at 116°. 
[OOHo 

fOOHo 

.^0,H,, . Fuses at 127°. 

fOOHo 



Jo,.H„. Fuses at 182°. Boils at 200°. 
(OOHo 

It is obvious that there may be several modifications of each 
of these adds. Thus there may be two succinic adds, one 
containing ethylene, and the other ethylidene (see p. 346) : — 



fOH,(COHo) .„, fOH, 
toHrCCOHo) "'^ toH(COHo); 



42 
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1. Eelationa of the Succinic to the Lactic Series o/Acide and t$ 
the OUfcole. 
These acids are related to the lactic series and to the glyoob 
in the same way as the fatty acids are related to the monacid 
alcohols : — 

fCH,Ho fCH^Ho fCOHo 

t CH^Ho- t COHo * t COHo- 

GlfooL GlyooUio Mid. Oxalio Mid. 

This relation, however, does not strictly extend beyond the 
first member, although it may be partially traced in the rela- 
tions of malonic and adipic acids to paraiactic and paraleucic 
acids: — 



{ 



CH,(CH^o) 
CH,Ho 

Isoproir^lic gljooL 
(Unknown.) 

rcA(CH^o) 

tCH^o 

Unknown gljooL 



fCH,(CHJ[o) 
t COHo 

PanlMtio a4sd. 

rCA(CH,Ho) 
\ COHo 

FanJenoic Mid. 



fCHYCOHo) 
t COHo 

Malonioacid. 

fC,H,(COHo) 
(oOHo 

Adipioaod. 



2. Eelations of the Succinic Series to the Dyad Madicals. 
1. The succinic series is intimately related to the dyad 
radicals, the cyanides of which are readily converted into 
dibasic acids by ebullition with potassic hydrate or hydrochloric 
acid : — ^ 

( ^-5'•^^S':^^ + 2KH0 + 20H, - / CA.(COKo). 



PotMsio 
hjdimte. 



Water. 



\ cja[».(coKo) 



+2NH3. 



Fotaaricnlfcofthe 
dibasic Mid. 



\ C^^(CN"') 

Cvanide of the 
dyad radical. 

2. Some of these acids, when heated with excess of caustic 
baryta, give up two atoms of carbonic anhydride, yielding the 
hydrides of the dyad radicals : — 

fCOHo 

2C0. + 



1& 

Suberic acid. 

fCOHo 
COHo 

'^ebado acid. 



(C.HJ"H.. 



Carbonic 
anhydride. 



: 



200, + (C,H„)"H.. 



Carbonic 
anhydride. 
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These reactions are the analogues, in the dyad series, of 
the one by which marsh-gas is obtained &om acetic acid. The 
hydrides of the dyad radicals so obtained are isomeric with 
those of the corresponding monad radicals. 

The elimination of carbonic anhydride from a monobasic 
acid can only take place once, while from a dibasic acid it takes 
place in two successiye stages : — 



COHo 



In the case of a monobasic acid, 
CO, 

In the case of a dibasic add, 

Iststaoe JCnH^(COHo) _ ^0 
ist stage ... I c.H».(COHo) ^^^ 

f CnH^^n 

2nd stage... -^ C^H*, 
[COHo 



C«H»»4.iH. 



COHo 



- CO, 



C.H, 



JM-J 



3. Belations qfihe Sueeinio to the Aoetie Series ofAcidt. 

1. Bj the loss of the elements of carbonic anhydride, the 
fint three members of the succinic aeries are converted into 
members of the acetic series, conttuning one atom of carbon 
less: — 



fCOHo 
\OOHo 

Oxalic Msd. 

fCOHo 

loobo 



fCOHo 
|ob±o 

Snooiiuo 
add. 



CO, + 

Carbonie 
anhydride. 

CO, + 



Carbonio 
anhydride. 



- 00, + 



Carixmio 
anhydride. 



toOHo- 

Formic add. 

{ooko- 

AoetioMid. 



fOMeH, 
tOOHo • 

Propionic 
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In the first two cases the action of heat alone is sufficient 
to effect the transformation ; bnt in the third the attraction of 
lime for carbonic anhydride mnst b^ superadded. 

2. Conversely, the members of the acetic series may be cos- 
verted into those of the succinic containing one atom d 
carbon more, by replacing one atom of the methylic hydrogen 
in acetic acid by cyanogen, and then boiling with potaasie 
hydrate : — 

CyifcTMiowtio add. Fotumo Fotaanc malonato. Ammonia, 

hydrate. 

The conversion of formic acid into oxalic acid, by heating 
with potassic hydrate, also belongs to this class of reactions : — 

2{?OHo + 2KHo - {gg|° + 20H, + H,. 

Fonmoadd. Potaaaio Potaaaio Water, 

hjrdnte. oxalate. 



SUCCINIC ACID. 
fCOHo 

COHo 

Fu9e8 at 180^. Bails at 236°. 

Occurrence. — In amber; in some kinds of lignite; in the 
resin of some kinds of pine ; also in many other vegetable and 
animal substances. 

IhrmaHan. — 1. By the action of potassic hydrate upon ethy- 
lenic cyanide (p. 289) : this reaction proves that succinie acid 
contains ethylene, and that its constitutional formula is as 
above given; but an isosuccinic acid must be capable of 
formation, though hitherto never obtained. This acid will 
obviously contain ethylidene in the place of ethylene ; and its 

fCOHo 
formula will be i CMeH. (See p. 846.) 

[OOHo 



sircciinc acid. 
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fCEtH, 
\COHo 



2. "Bj tbe oxidation of batjric acid by nitaric acid: — 

fOOHo 
+ 0, = -^0,H. + OH,. 
(.OOHo 

BotTrio aeid. Soooinia Mid. Water. 

The nature of tliis reaction ia more clearly seen with fully 
developed formule, thus : — 

OH, 
OH. 

.OOJ&o 

Butyric add. 

8. By the reduction of malic acid by fermentation, or by 
hydriodic acid : — 



+ 0. - 



OOHo 
OH, 
OH, 
OOHo 

Saodnio add. 



+ OH,. 



Watw. 



rOOHo 
OHHo 
OH, 
OOHo 

Hallo add. 



+ H, 



OOHo 
OH, 

OOHo 

Sxiodnicadd. 



+ OH.. 



Watos. 



4. By the reduction of tartaric acid by hydriodic acid : 

rOOHo 
OHHo 
OHHo 
OOHo 



+ 4HI 



Tartario 
add. 



Hjdriodio 



rooHo 

OH. 

^o5 

OOHo 

Snodnio 



+ 20H, + 



21, 



Water. 



It is evident that this reaction is perfectly analogous to that 
by which lactic acid is transformed into propionic acid (p. 308). 

5. The two isomeric adds, fiimaric and maleic acids, are 
cony^rted by nascent hydrogen into succinic acid : — 



{OOHo 
»iOH 
}OH 
^OOHo 


+ 


H. = 


fOOHo 
OH, 

Oofeo 

SnooinieMid. 


fOOHo 
. OH. 

OOHo 


+ 


H. - 


fOOHo 
OH. 

OOHo 

Saodnio aeid. 
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The two procesBes by which succinic acid is always piepafed 
are, the distillation of amber and the fermentation of calcic 
malate. 

Beactians. — 1. By distillation, succinic acid splits almost 
entirely into succinic anhydride and water : — 

COHo fCO , 

COSo [co-^ 

Saooinio Snooiiiio Water, 

aoid. aahjdrido. 

2. Under the action of nascent oxygen produced by electro- 
lysis, succinic acid yields ethylene, carbonic anhydride^ and 
water : — 

fCOHo 

^C,K + « 0;B[, + 2O0, + OH,. 

[COHo 

Socdnio BthjlAoe. OttrboniD Water. 

aacL anhydride. 

3. Succinic acid may be boiled for hours with conceniarsted 
nitric acid without suffering any change ; neither is it affected 
by a mixture of potassic chlorate and hydrochloric add ; but it 
produces acetic acid when distilled with sulphuric add and 
manganic oxide. 

4. Succinic acid forms three kinds of salts, yiz. : — 

NeatraL Acid. Superacid. 

fOOMo jOOHo fCOHo fCOHo 

|cbMo' [cbiAo* lobiAo icbio* 

fCO— , 
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Fonnola. 



CHAPTER XLIV. 

THB ACIDS. 

2. FUMABIG OB ACBTLOID SEELES. 
General formula../' { c'SriScOHo) """^ OJl^^^QOllo)^. 

In this series there are three isomeric acids containing four 
atoms of carbon, yiz. 

Eumaric acid '\ 

Maleic acid I "Cr;E[,(COHo), ; 

Isomaleic acid J 
and three other isomeric acids containing fiye atoms of carbon, 
viz. 

Itaconic acid ^ 

Citraconic acid I '*(C3)^H,(COHoX. 

Mesaconic acid j 
Eational notation predicts the existence of a fourth acid 
belongjng to the fonr-carbon group. The following are the 
four possible formul® for these acids : — 

No. 1. No. 2. No. 3. No. 4. 





;oH 

^OOHo 



fOOHo 
\ 0("CH)H. 
[OOHo 



fCOHo 

\ CMe" . 
[OOHo 

q6 
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Of these fonnultB, Nob. 1 and 2 represent fumaric and maleie 
acids. Data are still wanting to enable its own particular for- 
mula to be assigned to each of these acids ; but the first two 
formulsB must belong to fumaric and maleie acids, because both 
these -acids yield succinic acid under the influence of nascent 
hydrogen, thus : — 



No. 1. 
{OOHo 
,,/CH 

^OOHo 



H, - 




COHo 
OH. 

COHo 



COHo 
CH, 

COHo 



Saoouiia Mid. 




Boociiiie add. 



That succinic acid contains ethylene ( " ] q^ j and not 

ethylidene ( < „Mg*), is proved by its formation from ethylenic 

cyanide (p. 289) ; but formulas Nos. 3 and 4 give, by the addi- 
tion of two atoms of hydrogen, the formula of the hitherto 
unknown isosuccinic acid containing ethylidene, thus : — 



No. 3. 
fCOHo 
\ C("CH)H 
[COHo 

No. 4. 

rcoHo 

\ CMe" 
iCOHo 



fCOHo 
+ H, = -^ CMeH. 
[COHo 



+ H. 



fCOHo 
\ CMeH. 
I COHo 



Isosuccinic add. 
(Unknown.) 




Itoraodnic add. 
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Fomaric acid combines diiectlj with bromine, producing 
dibromosuccinic acid. Maleic acid also combines directly with 
bromine, producing isodibromosuccinio acid. The following 
formul» show the nature of this isomerism : — 



Corresponding to No. 1. 



OOHo 
CHBr 
<JHBr 
COHo 



Corresponding to No. 2. 



fOOHo 
CH. 
OBr, 
COHo 



When acted upon by nascent hydrogen, both these isomeric 
bromo-acids produce, as might be expected, the same succinic 
acid: — 




(COHo 
CHBr , „ 
CHBr + "♦ 
COHo 



rCOHo 
O^ -I- H 
COHo 



fCOHo 
o5: + 2HBr: 
COHo 

Suodnio 
acid. 

rCOHo 
CH, 

coko 

Snoeinio 



Hydrobromii' 
acid. 



+ 2HBr. 



Hjdrobromu' 
add. 



Inasmuch as formul® Nos. 1 and 2 belong to fumarie and 
maleic acids, it follows that one of the two remaining consti- 
tutional formulae must be that of isomaleic acid. It is impos- 
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sible at present to detennine which of these formuls is to be 
assigned to this acid ; but in any case there can scarcely be a 
doubt that isomaleic acid, when treated with nascent hydrogen, 
will yield isosuccinic acid, as shown above. 

Of a similar character is the relation subsisting between the 
isomeric acids of this series containing five atoms of carbon, 
viz. itaconic acid, citraconic acid, and mesaconic add. There 
are no less than eleven possible formula for this five-carbon 
group of acids ; but the three individual formulie belonging to 
the three known acids cannot at present be determined. The 
following four formuhe will serve as specimens of the whole, 
ai^d as illustrations of the cause of isomerism in these acids : — 




COHo 

CH, 

O 

COHo 



fOOHo 
CH. 
CMe" • 
COHo 



Itaconic, citraconic, and mesaconic adds stand in the same 
relation to pyrotartaric acid as fumaric and maleic acids occupy 
with regard to succinic acid ; for, when submitted to the action 
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of nascent hydrogen, thej all yield the same p3rrotartaric acid, 
and it is therefore highly probable that the first three of the 
above formuko belong to these acids. The formula of pyro- 
tartaric acid is 



OOHo 

ICH 
I^COHo 




Treated with bromine, the three acids yield three isomeric 
brominated acids, which are transformed by nascent hydrogen 
into the same pyrotartaric acid. 



CHAPTER XLV. 



THE ACIDS. 



3. MALIC OB LACTOID SERIES. 
General formula { g-Jj^o'i^f ^^^ or ||h^^^^^^ 
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Only two acids belonging to this series are known, viz. 
tartronic acid and malic acid. Like lactic acid, they both con- 
tain an atom of non-oxatylie hydroxyl : — 

© 



fCOHo 

Tartronic acid < CHHo. 

[COHo 



This acid maybe regarded as the product of the oxidation of 
glycerin, although it has not yet been so produced. It is-ob- 
tained by the gentle oxidation of tartaric acid (p. 352). 




Malic acid 



COHo 

CMeHo. 

COHo 




Malic acid may be regarded as the product of the oxidation 

fCH^Ho 
of the hitherto undiscovered butyl glycerin, \ CMeHo. 

[CH^Ho 
This acid is contained in apples, and in many other firuits. 
When gently heated with potassic hydrate, hydrogen is evolved, 
potassic oxalate and acetate being produced : — 



Fotasflic 
malate. 



Potaasio 
hydrate. 



PoCaadc 
oxalate. 



Fotaane 
aoetate. 



Tartaric acid 
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4. TAETARIC OR GLYOXTLOID SERIES. 

This series contains at present only two members ; but these 
have yerj numerous isomers, which hare been studied, however, 
only in the case of the first. Like the glyoxylic series, these 
adds contain two atoms of nan-^Meatylic hydroxy 1. 

'^COHo 
CHHo 
CHHo- 
COHo 

COHo 
Homotartaric or glyco- J SSVr 

^^io^^ IcHHo' 

l^COHo 
The following are the varieties of tartaric acid : — 

1. Dextrotartaric or common tartaric acid. 

2. LsBvotartaric acid. 
8. Bacemic acid. 

4. Inactive tartaric acid. 

5. Metatartaric acid. 

The internal arrangement is known only in the case of ordi- 
nary and inactive tartaric acids, which are both represented by 
the above formula. 

The difference between dextro- and Levo-tartaric acids is only 
physical, as far as they are at present investigated. 

Racemie acid is a compound of dextro- and hevo-tartaric 
acids. It may be produced by uniting them, and may again 
bo resolved into them. 

Inactive tartaric acid cannot be resolved into dextro- and 
IfiBvo-tartaric acids. 

It may be obtained by the action of water on argentic dibro- 
mosuccinate : — 

^COHo 



CO Ago 

CHBr + 20H. 
COAgo 



CHHo ^, ^ 

CHHo + 2AgBr. 
COHo 



Argentic dibromo- Wftier. Inaotire tartaric Argentic 

•nocinate. add. bromide. 
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The converse of this reaction is the transformation of tar- 
taric acid into succinic acid by means of hjdriodic acid (see 
p. 343). 

Metaiartaric acid is produced by fusing ordinary tartaric 
acid. 

Beactions. — 1. Ordinary tartaric acid, when treated with 
powerful oxidizing agents, gives formic acid. 

2. Under the influence of very gentle oxidizing agents, tar- 
tronic acid is formed (p. 850). 

cIho + O, » OHHo + CO, + OH.. 
[cOHo 1°"*^° 

Tartaric Tartronio Carbonie Water, 

add. aoid. anhydride. 

8. Heated with fused potassic hydrate, tartaric acid gives po- 
tassic oxalate and acetate, but without evolution of hydrogen : — 
COHo 

COHo 

Tartaric Fotaauo Potaaoio Potente Water. 

add. hydrate. oxalate. acetate. 
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Tedb tribasic adds all contain three atoms of oxatyl. They 
may be divided into the following four series, each series being, 
however, at present only represented by one acid. 
1. Tricarballylic or acetoid series : — 

rOH,(COHo) 
Tricarballylic acid . . . \ CH(COHo) . 
iCH,(COHo) 
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2. Aconitic or acryloid series :— 

„iCH(COHo) 

Aconitic acid |C(COHo) . 

1CH,(COHo) 

3. Citric or lactoid series : — 

rCHHo(COHo) 

Citricadd ^ CH(COHo) . 

lCH,(COHo) 

4. Desozalic or gljozyloid series : — 

fCOHo 

DesoxaUcacid Wo(COHo) ' 

[OOHo 

IHearbalhflieaeidiB trihydric. It is obtamed &om glycerin 
1^ replacing the hydroxyl in the latter by cyanogen, and then 
acting upon the tricyanhydrin, so formed, bypotassic hydrate: — 

fOH,(CN"') fOK(COKo) 

\ CH(CN"') + 8KHo + 80H, = \ CH(COKo) +8NH,. 

lo^,(CN"') [OH,(COKo) 

Tricgrsa- Potairio Water. Potasno trioub- AmwMWiU 

hjarin. hydrate. allylate. 

Aooniiic acid (equisetie acidy eitridie acid) is trihydric. It 
is found in the roots and leaves of monkshood, and may also 
be obtained by heating citric acid. Heated to 160^ it is con- 
yerted into itaconic acid : — 

jCOHo 
„iOR(C0m) „]CR 

]C(COHo) = ,iCH + CO.. 
1CH,(COHo) \ OSL 

^COHo 

Aoonitio add. Itaoonio Carbonio 

aoid. anhydride. 

OiMc acid is tetrahydric, and contains, therefore, like lactic 
acid, one atom of non-^xatyUc hydroxyl. It is found in the 
firee state in oranges, lemons, citrons, and many other fruits, 
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also in the potato and the onion. By the graduated application 
of heat, citric acid yields aconitic, itaconiCy and citraconic acids. 
At the earlier stage of the decomposition it also yields acetone. 
Heated with fused potassic hydrate it gives potassic oxalate 
and acetate : — 
f CHHo(COHo) r ernrn f ott 

Citrioaoid. PolMBic Potaino Potaino Wmter. 

hydrate. oxalate. aoetafee. 

Desosalie acid is pentahydric, and oontainB, like glyozylic 
acid, two atoms of non^oxatylic hydroxyl. It is obtained firom 
the product of the action of sodium upon oxalic ether. 
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The anhydrides are compounds obtained from the acids, by 
the abstraction of the hydrogen of their hydroxyl, together with 
sufficient oxygen to form water. 

For every two atoms of hydrogen and one of oxygen thus 
abstracted from hydroxyl, there will obviously remain one atom 
of oxygen, which, as a dyad element, exactly satisfies the two 
bonds vacated by the hydroxyl : — 

2Ho != OH, + 0". 

HydroTfL Water. 

On this account, two molecules of a monohydric acid are re> 
quired to form one molecule of anhydride, thus : — 

(CMeO 
2CMeOHo = ^O + OH,. 

[CMeO 

Aoetio add. Aoetto Water, 

aahjdride. 

The anhydrides of those monobasic and dibasic acids which 
contain one and two atoms of hydroxyl have alone been investi- 
gated. 
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Thej may be diyided into the foUowiiig classes : — 



1. Anhydrides of the 
monohydric mono--*^ 



CO ICO 

O and 



basicacids .-. I CO | CO 

LC„Ha«+, l,C«Hj„-7 

2. Anhydrides of the rC(C„Ht„+,), 
dihydric monobasic < 0. 
acids [CO 

3. Anhydrides of the fCO 

dihydric dibasic \ CnE^m O. 
acids [CO ' 



1. ANRTDBIDE8 OF THE MONORTDBIQ 
MONOBASIO ACIDS. 

These are known only in the acetic and benzoic series. 

They beajr the same relation to the acids from which they 
are derived as the ethers to the alcohols. 

The residues of different acids can unite to form mixed 
anhydrides analogous to the mixed ethers. Aceto-benzoic anby- 
dride is a body of this class. 

Formation. — By the action of the chloracids, or so-called 
chlorides, of the monad negatiye radicals on the potassic salts 
of the acids : — 

rC(C«Ha„+,)0 
0(C^«»+i)OKo+C(C,H^+i)OCl= \ O +KCL 

[C(C„H^+,)0 

PotaMioMlt Chlonotd. Anhjdride. Potuuio 

chlorid«. 

Reaction. — In contact with water they are converted into the 
corresponding acids : — 

fC(CnH^+l)0 

iO + OH. = 2C(C^,«+,)OHo. 

[C(C^,n+l)0 

Anhjrdride. Water. 
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The following is a list of the anhydrides belonging to this 
class: — 



rCMeO 

Aoetio anhydride \ O 

lOMeO 



Propionic anhydride ... •{ O 

lo 

Butrrio anlndride iO 

[c 

Valerie anhydride -I O 



CBtO 

O 

CBtO 

OPrO 

O 

OPrO 

rcBuO 
o 

CBuO 
rOAyO 

o 

OAyO 



Oaproio anhydride j O 

fOCpO 
(Enanthylic anhydride. \ O 

iocpo 
ro(0,H,)O 

Benzoic anhydride iO 

lO(0,H.)0 

rCMeO 
AoetobenxoioanhTdride'l O 

lO{C.H,)0 

I O(C^„)0 
O&prylio anhTdride ... -tO 

10(0^„)0 

fO(C,H„)0 

10(C,H„)0 

ro(C„H„)o 

Fklmitio anhvdride ...-tO 

lO(C«H„)0 



fO(qH,)0 
or -^O 

lO(CH,)0 

or ^O 

\C(CA)0 

or \ O 

10(C.H,)0 

rC(C,H,)0 
or ^O 

or ^O 

\C{C,H„)0 

rO(C.Hu)0 
or -^O 

lO(C.H„)0 



point. 



point. 

165^. 
about IW: 
about 215''. 



42^'. 



31(y». 



120O- 



.belowO**. about29(r. 



+5« 



53*>-8. 
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2. AITHTDBIDES OJ? THE BIHTDBIO 
MONOBASIC ACIDS. 

formation. — By applying heat to a dihydric monobasic acid, 
thus: — 

fCMeHHo fCMeH^ , rm 

jCOHo ^ I CO O + OH2. 

Lttotio aoid. Lactide. Water. 

(Laotio anhydride.) 

BeacHon, — ^Boiled with water, and especially with alkalies, 
they reproduce the acids from which they were deriyed : — 

fCMeH^ . rtTT rCMeHHo 

too O + OH. = |qq2^ . 

iMtide. ytttn. I«otio Mid. 



8. ANSTDBIDES OF TSE BIETDRIO 
DIBASIC ACIDS. 

Formation. — By the action of heat, or of substancea Iiaving 
an attraction for water, upon the dihydric dibasic acids :— 



fCOHo fOO , 

COHo [CO-^ 



+ OH,. 



Siuxaiiio Snocinio Water, 

add. anhjdride. 

Eeaetian. — ^Like the anhydrides of the first and second classes, 
they unite with water, reproducing the acids from which they 
were derived. 
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THE KETONES. 

The ketones may be regarded as derired from the fatty adds. 
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bythesubstitution of the hjrdroxyl of the latter by a monad alco- 
hol radical; they thus resemble the aldehydes in constitution : — 

{cOHo- {coh- {cOMe- 

Aoetic Aoetio Acetone, 

add. aldehyde. 

The ketones are abo correctly viewed as compounds of car- 
bonic oxide with monad alcohol radicals, thus : — 

COMe,. 

Aeetone. 

By the action of nascent hydrogen upon the ketones, they 
are converted into secondary alcohols, whilst the aldehydes, 
under the same treatment, yield primary alcohols : — 

{coke + ^ "* (cMeHHo- 

Aoetone. laopropjlie 

Ketones, unlike aldehydes, do not oxidize spontaneously ; 
neither do they reduce ammoniacal solution of argentic oxide. 

Like aldehydes, many of them combine with hydric potassic 
or hydric sodic sulphite. .. 

Formation. — ^1. By the action of the zinc compounds of the 
positive monad radicals upon chloracids : — 

2 ( COa" + 2^(C.H.-),=2 { ^^X,u) + ^^ 

Cldoncid. Zino oompovid. Ketone. Zinde 

oMoride 

2. By the action of sodic ethide and its homologues on car- 
bonic oxide : — 

CO + 2N»(C„H^.O = (gfei.^.) + Nv 

Carbonio Sodimn oomponod. Ketone, 

oxide. 

8. By the distillation of the salts of the fatty acids : — 
^tcOKo - tcO(C.H^^0 + ^^^""r 

Potaano Mlt Ketone. Potatna 

of&ttyadd. carbonate. 
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4. By distOliug together salts of two different fatty adds, ke- 
tones containing two different basylous radicab are obtained :-- 



JCEtH, 
tCOKo 



ttO 

botjmte. 



{coko 

PoCsMio 
aoetete. 



fOEtH. 
\OOMe 

Propylmethjl 
ketone. 



+ COKo,. 



Potaamc 
oarbooftte. 



5, Ketones are also produced bj the consecutive action of 
Bodium and the iodides of the CnHan+i radicals on acetic ether, 
the product so obtained being subsequently boiled with alco- 
holic solution of potassic hydrate: — 

CH. 

CHNa + 2EtHo + H,; 
COEto 



4 



jCH^ 



COEto 



+ Na, = 2 



BthyUo I 

owboute. 



rcH, 

CO 

CHNa 

COEto 



+ EtI 






BthjUe ■odaoefeone 
cMrbonate. 

CH, 
CO 

CHEt ^ 
COEto 

EthylioethaoetoiM 
owbonato. 



Bih^lie 



CH, 

CO 
I CHEt 
[COEto 



+ Nal; 



2EHo 



PotMBO 

hjdrate. 



Bthjlic 

oarbonate. 

^CO 
ICEtH, 

Bihjlated 



Sodio 
iodide. 



+ EtHo + COKo,. 



AloohoL 



PotaMie 
oarbonatc. 



fOH, 



Bthylted acetone |C0^^ = {g^. 



In this compound one atom of hydrogen in acetone has been 
displaced by ethyl 

A second atom may be displaced in the following manner : — 



2{c?Eto+ ^«^ 



CH. 
CO 

CNa, "•■ ^^^^ "*" ^' 
COEto 



Aoetie 
ethe 



Bthjlic diaodaoe- Alcohol 
tone carbonate. 
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CO 
CNa, + 

COEto 

Smylic diaodaoe- 
tone oarbonate. 



THE KETONES, 



2EtI = 



iodide. 



fCH. 

loo 

ICEt, 
I COEto 

BthyUo dietluwe- 
tone oubonate. 



+ 2Ssl: 



Sodio 
iodide. 



CH3 

CO 

CE^ 

COEto 



+ 2KHo 



CO + BtHo + COKo,. 
CEt^ 



BtnjUo diefchaoe- 
tone carbonate. 



Fotasno 
hydrate. 



DieChjlated 
aoetone. 



Aloohd. 



_ fCEt,H 
"" \COMe' 



fCH. 

Diethylated acetone < CO 

[CEt,H 

The following is a list of the names, constitutional formulie, 
and boiling-points of those ketones which are best known : — 



BoQinC" 
point. 

56". 



•i 



IS 



Acetone ISSlir ■ 

\COMe 

Methylated actone, 

(Mhylacetf/hme'J^^^^ 81^ 

ihyl acetone,) \^^^^ 

Dimethylated ace- 
tone. {•^%^«<?«-{q^^ 93°-5. 

tone) ^ 

Ethylated acetone. 



fCEtH, 

icOMe -^^^• 

Propione. {Ethyl r CMeH, ,^.0 

propionyl.) |COEt -^"-^ ' 

6 rMethyl valeral l^oMe ^^^' 



: 



I Ethyl butyral 

M L 



{cSbu ^- 



.2 fDiethylated acetone. I O0]4e ^ * 

||Butyrone jgEg, 144,0 
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Little is known of the ketones of the dS^am-i series. Two 
of them have been obtained : — 

cb(6 H ))' ^^^ ketone of benzoic acid, is 
obtained by heating potassic benzoate. 

Metliyl hetuone or methyl benzoyl [ j qq/q h \) ^ prepared 
by distilling together calcic acetate and benzoate. 



CHAPTER XLIX. 

BTHBBBAL SAI/TS. 

Thesb oomponnds correspond to the metallic ozysalts of the 
acids. 

The acids from which they are derived may be either mineral 
or organic ; but the base must always be organic. The haloid 
ethereal salts are excluded from this &mily ; they have been 
already described as haloid ethers. 

The ethereal salts are produced by reactions analogous to 
those employed for the preparation of metallic salts : — 



cobo + 


K Ho s 

FotaMio 
hydrate. 


= OOko + O^- 

Poteano Water, 
aoetete. 


{cobo + 

Aoetioaeid. 


EtHo = 

Bthjlio 
hjdxate. 


- {c?Eto + OH,. 

Bthjlio Water. 



But as the hydrates of the organic radicals do not act upon 
acids so energetically as potassic hydrate, it is often advisable 
to employ the add in the form of a potassic salt, and the radi- 
cal as a sulphoacid, thus, with acids of the acetic series : — 

SnlplMMMid. Potaaaio Ethereal lalt. Hydriopotaoaio 

■alt salphato. 
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Monobasic acids form only one ethereal salt with each 
monacid alcohol ; and this salt is always neutral. 

With diacid alcohols they each form two ethereal salts, and 
with triacid alcohols three ethereal salts. These are also neutral. 
Thus with acetic add we have : — 

Acetic salt of a monacid alcohol : — 

jcoiito' 

Eth jlio Metate. 

Acetic salts of a diacid alcohol : — 

rCBLHo rCBL-0-CMeO 

\ CH^-O-CMeO* t CH,-0-CMeO- 

Monaoetio gljod. Diaoetie glyooL 

Acetic salts of a triacid alcohol : — 

CMo r CH -0-CMeO f CH,-0-CMeO 

CHHo < CHHo < CH -O-CMeO. 

CH,-0-CMeO lCH,-0-CMeO [CH,-0-CMeO 

Monaoetin. Diaoetia. 



Dibasic acids form, with monacid alcohols, two series of 
ethereal salts : — 

1. Acid ethereal salts, as : — 

rCOEto 

Succinethylic acid < CM. . 

IcOHo 

2. Neutral ethereal salts, as : — 

rCOEto 

Ethylic succinate < C^H. . 

[COEto 

In the same manner, tribasic adds form with monacid 
alcohols three series of ethereal salts, the first two of which are 
add, and the third neutral. 

Prolonged contact with water generally decomposes tbe I 
ethereal salts, liberating the radicals of the bases in the form of j 
alcohols : — I 

SO,Meo, + 20H, = SO,Ho, + 2MeHo. 

Methylio Water. Bolplnirio ICetln^ie 

■alphomethjlafee. add. eJeoaoL 
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Ebullition with potassic hydrate, especially when the latter is 
dissolved in alcohol, effects this transformation very speedily: — 

{oSfeo + KHo = {ggk^ + EtHo. 

EihyUo PotMaic Fotafliio BUitUo 

Metete. hjdrato. aoetate. aloonol. 



CHAPTER L. 

OBOAinC COMPOUNDS CONTAINING TBIAD AND PBNTAD NITROGEN 
OR THBIR ANALOGUES. 

This numerous family may be divided into two great classes : — 

1. Compounds of triad nitrogen, phosphorus, arsenic, and 
antimony. 

2. Compounds of pentad nitrogen, phosphorus, arsenic, and 
antimony. 



I. COMPOUNBS OF TBIAD NITROGEN AND OF 
ITS ANALOGUES, 

This class may be again subdivided as follows : — 

Positive. NeutraL N^gatiye. 

1. Amines. 1. Amides. 1. Imides and 

2. Fhosphines. 2. Alkalamides. nitrides. 

3. Arsines. 8. Trichlorinated and 

tribrominated amines. 

4. Stibines. 4. Haloid compounds 

5. Ozybases. ofoxybases. 

Of these the Amines and Amides are the most important. 

r2 
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PosiriYE OB Basylovs Section. 
1. THE AMINHS. 

The Amines are commonlj termed orguiic bases or artificial 
alkaloids ; they are divided into — 

A. Monamines. 

B. Diamines. 

C. Triamines. 

D. Tetramines. 

The last two have been but little investigated. 

A. MONAMUrES. 

There are three kinds of monamines : — 

a. Primary monamines. 
/3. Secondary monamines. 
y. Tertiary monamines. 

a. Frimary Manami/net. ^ 

Qenenl formuls. 

Methyl or C^H»^i series N(C An-OB^r 

Vinyl OP C«5»,_i series N(aH^.i)H,. 

Phenyl op C»H»,_y series N(C^»,_7)B;. 

EormatiofL — 1. By the reduction of the nitro-substitution 
compounds of the hydrides of the radicals by sulphuretted 
hydrogen, ammonic sulphide, sine and sulphuric add, op iron 
and acetic acid : — 



N(C,H.)0, + 3SH, = N(CA)H, + 20H, + 8,. 

NitrobenioL SnlphnreUed Aniline. Water. 

hydrogen. 

2. By treating cyanic ethers with boiling solution of potassio 
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hydrate. The reaction is perfectly analogous to the decom* 
position of cyanic acid with potassic hydrate : — 

ON"'Ho + 2KHo = COKo, + NH,. 

pjaiiioMid. PotMaio PoteMie Ammonia. 

hTdrate. ourbonato. 

ON'"Eto + 2KHo « COKo, + NEtH^. 

Bthylio PoCsMio FotMsio Bthjlamine. 

<7«nate. hjdnte. earbonate. 

8. By the action of the haloid ethers of the monad positive 
radicals upon ammonia, and subsequent action of potassic hy- 
drate upon the product so formed : — 

NH, + EtI B NEtH,I. 

4w>n*«iii»^ Bthrlio Bthjlammoiiio 

iodlSde. iodide. 

NEtH,I + KHo » NEtH, + KI + OH,. 

lEtliTlammooio Potanio Bthylamine. PotaMio Water. 

iodid«. hydrate. iodide. 

The following are a few of the primary monamines : — 

Methykmine NMeH, or N(CH,)H,. 

Ethykmine NEtH, or N(C^,)]B^. 

Amylamine NAyl^ or N(C.H,,)H,. 

AUylamine NAllH, or N(C,H,)H,. 

Fhenylamine (AniUne) NPhH, or N(C,H.)H,. 
Seaetion. — ^Treated with nitrous add, they eyolve nitrogen 
and yield the corresponding alcohols: — 

WPhH, + NOHo = PhHo + N, + OH,. 

Pbenjlio 
Fhenylamine. K itroaa aood. alooooL Water. 

fi. Secondary Monamine9. 

General fonnalfe. 

Methyl or CA^x series N(CAh-i)»H. 

Vinyl or CJH»,_i series N(C^,^i)^. 

Phenyl or C«Ha,_7 series N(C,H»».,)^. 

The secondary monamines are derived from ammonia by the 
displacement of two atoms of hydrogen by monad positive 
radicals. They are sometimes called Imidogen hoses. 

IbrmaHon. — ^By the action of the haloid compounds of the 



366 COMPOUNDS OF NITROGEN AND ITS ANALOGUES. 

monad positive radicals on the primary monamines, and subse- 
quent treatment with potassic hydrate : — 

NEtH, + EtI « NEt^HJ. 

Bthjlamine. Bth^lio Diefltjlammoiuo 

iodide. iodide. 

NEt,HJ + KHo = NEt^ + EI + OH,. 

Diethylummonio Potaaao Diethylamine. Poteaaio Water. 

iodide. hydnte. iodide. 

By using the iodide of a radical different from that already 
contained in the primary monamine, secondary monaminea 
may be formed containing two different radicals, thus : — 

NPhH, + EtI = NEtPhHJ. 

Phenylamine. Etiiylio Etliyl^henYlaanmoiuc 

(Anilina) iodide. iodide. 

NEtPhiy + KHo = NEtPhH + ZI + OH,. 

Bthylphenjlam- Poteado E^lphenjrlamine. Potassic Water. 

monio iodide. . hydrate. (EtnyUuuline.) iodide. 

The following secondary monamines are known : — 

Dimethykmine NMe,H: orN(CH3),H. 

Diethylamine lfEt,H orNCC^Hj^H. 

Methylethylamine NMeEtHorN(CH3)(C,HjH. 

Ethylamykmine NBtAyH or NCC^H^XC^H^JH:. 

Ethylphenylamine NEtPhH or N(C,H/)(CeH,)H. 

Piperidine N(C,HJ"H. 

Conine N(C«B[,J'H. 

y. Tertiofy monamines, 

JBbrmaHan. — By acting upon the secondary monamines with 
the iodides of the monad positive radicals, and subsequent 
treatment with potassic hydrate : — 



NEt^H + EtI « NEt,HI. 

Diethylamine. Etiiylio Triethylammonic 

iodide. iodide. 

irBt,HI + KBo =s IfEt, + KI + OH,. 

Triethylammonio Potasaio Triethylaoiiiie. Potaano Water. 

iodide. hydrate. iodide 
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Bj yarying the radicals, tertiary monamines with several 
different radicals may be formed. The following are a few of the 
known tertiary monamines : — 

Trimethylamine NMe, or N(CH,)3. 

Triethylamine NEt, or N(C,HJ,. 

Triamylamine ....*. NAy, or N(C.H,j,. 

Methyl-ethyl-phenylamine NMeEtPh or N(CH3)(C,H,)(C,H,). 

Pyridine N(C,HJ". 

Picoline N(CeH,)"'. 

liutidine N(C,H,y". 

Collidine N(C,H„y". 

Parvoline NCC^HJ". 

The constitution of the triad radicab contained in the last 
five bases is not known. 

Tertiary monamines, when acted upon by the iodides of 
monad positive radicals, yield iodides which are not decomposed 
by potassic hydrate. In this manner tertiary monamines may be 
distinguished from primary and secondary monamines. The 
three may be distinguished from each other by the alternate 
action of ethylic iodide and potassic hydrate : thus, as we have 
just seen, tertiary monamines are recognized by producing im- 
mediately iodides which are not decomposed by potassic hy- 
drate; a secondary monamine, however, produces an iodide 
decomposable by potassic hydrate ; but the base thus liberated 
is tertiary, and will therefore be transformed immediately into 
the stable iodide by a second application of ethylic iodide. A 
primary monamine requires three applications of ethylic iodide 
and potassic hydrate to produce the same result. 



B. DIAMINES. 

JBbrmoHon, — ^The diamines are formed by coupling together 
two atoms of nitrogen in two molecules of ammonia, or of a pri- 
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moiy or secondaiy monamine, by a dyad radical, which at the 
same time takes the place of two atoms of hydrogen ; thus : — 



JBt" . JEt^. -JEt", or -{Er 



fNH |N fNEfc" 

Et" -^Et", or -^Et" 

[mH In [WBt" 

Prinuay Seoondarf TertUny dbmioe. 



This reaction is effected by treating ammonia or a primary 
or secondary monamine with the haloid salt (preferably a bro- 
mide) of the dyad radical, thus : — 



2NH, + Et"Br, « 



NH3Br 

Et" 

BTH^Br 



Sthylenie . 

dibromide. dibrwiiidfi. 

When the salts of ethylene diammonium are decomposed by 
potassic hydrate, an oxide of the basylous radical is produced, 
thus : — 

fNH,Br fNH,-| 

i Bt" + 2KHo = ^ Et" + OH, + 2KBr. 

lNH,Br INH,-' 

Ethjlene-diam- Potenio Ethylene-dum- Water. Potawie 

monio dibromide hjdiate. monioozido. bnaude. 

In this respect the diamines differ from the monamines. 

TJrea and its derivatiyes belong to the class of diamines. 

These compounds are produced by boiling a solution of 
ammonic cyanate or ethylammonic cyanate, or a homologue of 
the latter. In these compounds, the two atoms of nitrogen 
are held together by the dyad radical carbonyl, CO : — 

fNH, 
iNH. 

Ammnnio cyanate. Urea. 

fNHEt 
ON"'(N'BtH,0) «= ^CO . 
iNH, 

Bthyl-ammonio Bthylnrea. 

ojaaate. 
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Ureas in which ethyl and other monad basjlous radicals are 
substituted for hydrogen may also be obtained by the action of 
i ammonia or a monamine on the cyanic ethers, thus : — 

fNHEt 
CN'"Eto + NH, = 4C0 . 

Bthylio Ammoiii^ Bthylorea. 

ojaoate. 



fNHEt 
CN'"Eto + NH^Bt - JCO . 

[NHEt 

Bthylio Btfaylamine. Diethylorea. 

ojanate. 

BeacHon, — ^TJrea is decomposed by nitrous anhydride : — 

CO + lf,0, - CO, + 2N, + 20H,. 
NH. 

Urea. Nitrons Carbonic Water, 

anhydride. anhjdMde. 

The following is a list of the best-known diamines : — 
Ethylene diamine 



i 




fNHEt 

Ethylene diethyl diamine \ Et" . 

[NHEt 

Urea X CO. 

Inh. 

fNHEt 

Ethyl urea -^ CO . 

[NH, 

fNHPh 

Sulphophenylurea -I CS" . 

INH. 



b5 
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THE NATURAL ALKALOIDS. 

Of the conBtitution of these orgamc bases very little is 
known. The following is a list of the chief of them, with the 
sources whence thej are deriyed : — 

AJkahidsfrom Opium, 

Morphine C„H„]SrO,. 

Codeine Ci,H^N0„OH,. 

Thebaine C„H,iNO,. 

Papaverine CaoHgiNO^. 

Narcotine C^,H^NO,. 

Narceine C^^i^O,. 

From Oinehona Bark, 

Quinine CJL^^fi^. 

Cinchonine C^KJffi. 

Aricine C^H^NaO,. 

M'om Tobacco. 
Nicotine C^oHi^N,. 

From Nux vomica. 

Strychnine C^JS^J^fi^. 

Brucine C^^H^N^O^. 



2, 8, 4. THE FROSFHUTES, ABSINES, 
AND STIBINE8. 

These bases cannot be obtained, like the amines, by the dis- 
placement of hydrogen in phosphuretted, arseniuretted, and 
antimoniuretted hydrogen. The tertiary compounds only are 



I 
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known ; and they are produced by reactions of which the follow- 
ing may be regarded as types : — 

*A»Naj, + 8EtI = AaEt, -h 3NaI. 

Sodio Eth^lio Triethyl- Sodio 

arsenide. iodide. anine. iodide. 

SZnEt^ + 2PCI3 = 2PEt, + 3ZnCl,. 

Zindo Fhoflphorous Triethrl- Zindo 

ethide. tricnloride. phosphme. chloride. 

TJnlike the amines, these bodies have a powerful afiSnity for 
oxygen, in consequence of which they are generaUy sponta- 
neously inflammable. 



5. 0XTBA8ES. 
These compounds are only known in the arsenic series. 

Arsenious oxyhases. 

Only one of these, cacodylic oxide, has been carefully in- 
vestigated. 

By the distillation of potassic acetate with arsenious anhy- 
dride, a compound known as cacodyl, 'Am!'^^^, is produced. 
This substance may also be prepared by the action of methylie 
iodide upon an alloy of sodium and arsenic containing 
'A»",Na,:— 

'A»",Na, H- 4MeI = 'A»",Me, + 4NaI. 

Sodie MethTlio Caoodyl. Sodio 

arsenide. iodioe. iodide. 

By allowing cacodyl to absorb oxygen slowly, an oily liquid 
containing cacodylic oxide (As,Me^O) is formed. 

This oxybase does not appear to unite with oxygen acids, 
but it is attacked by hydrochloric acid, forming cacodylic chlo- 
ride: — 



AsMe, 

O + 2HC1 « 2A»Me,Cl + OH.. 

AsMe, 

Caoodylio Hydrochloric Caoodjlio Water. 

— ■ ^ add. ohlonde. 



872 COMPOUNDS OF NI9B06BN AND ITS ANALOGUES. 

Caoodylic oxide, when exposed to moist air, absoibs w&ter 
and oxygen, forming cacodylic acid : — 

A»,Mep + O, + OH, = 2A»Me,OHo. 

Cacod^lio Wftter. Gaoodrlio 

oadde. add. 



CHAPTER LI. 

ORGANIC COMPOUNDS OF TRIAD NITROGEN AND 
OF ITS ANALOGUES {continued). 

Nbutsal Section. 

1. THE AMIDES. 
These compounds are formed by the substitution of amidogen 
(NHg) for the oxatylic hydroxyl of organic acids. They are 
most conyeniently written on the diadelphic type, but may also 
be formulated upon the ammonia type. 

If the acid contain only one atom of oxatyl, a monamide is 
the result ; if two atoms of oxatyl are present in the add, a 
diamide is generally formed, &c. Secondary and tertiary com- 
pounds can also be produced, as in the case of the amines ; but 
they belong to the negative section of this &mily. 



Acetamide : — 



A. MONJMIDES. 
I. Primary Monamides. 



Chloracetamide : — 

|O(CH,a)0 ^ ,,H,[C(CH.C1)0]. or { ggjg. 

Benzamide : — 

( Vtif'^^ o' NH.[0(C.H.)0].or ( ^^^. 
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MrmoHon. — 1. By the distillation of the ammonic salts of 
the monobasic acids : — 

rCH. ^ fCH, . o„ 

\CO(N-H,0) * lC0(N'"HJ + ^^- 

Ammonio Aoetamide. Water. 



2. Bj the action of ammonia upon the chloradds : — 

Aoeijlio Anuaonu. Aoetamide. Hydroohlorio 

chloride. aoid. 

3. By the action of ammonia on the ethereal salts of the 
monobasic adds : — 

{cOEto + NH, = {cO^N'"HJ + ^*^^- 

Bthylie Ammonia. Aoetamide. AloohoL 

acetate. 

BeactionB. — 1. Boiled with aqueous solutions of acids, the 
primary monamides yield ammonic salts and acids : — 

{co(N"Hj + Hci + OH. - ira,a+ {%l^. 

Aoetamide. Hydrodilorio Water. Ammonio Aoetio 

add. chloride. acid. 

2. Boiled with potassic hydrate, ammonia is evolved, and 
a potassic salt, corresponding to the amide, is formed. 

{cO^N'"H,) + KHo « NH, + (gjfe^. 

Aoetamide. Fotaario Ammonia. Potaatio 

hydrate. acetate. 

II. Seeandarv Monamides, 

fCH. 
CO 
Diacetimide ... N(GMeO),H or-< NH . 

CO 

ICH, 



Succmimide NH 



r fCO -1" fCO-, 
\ Ofi. or \ Et" (N"'H)". 

loo J ioo-i 
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These bodies possess a negati?e character, and are treated of 
under the negative section of this class as imidet (p. 376). 

Tertiary monamideB are little known. Thej are the nitrides 
(see p. 376). 



B. BIAMIBEa, 

The diamides may be regarded as derived from two molecules 
of ammonia, bj the substitution of a dyad negative radical for 
two atoms of hydrogen ; or they may be considered as formed by 
the substitution of amidogen for the hydroxyl contained in the 
two atoms of oxatyl in dibasic acids : — 

Primary Diamides. 
Oiamide ...^(CA)" or {oSaJ 




Succinamide . . . N,H,(C,H,OJ" or N^, 



• f con" fCOAd 

JEt" ,or^Et" . 

LiooJ ICOAd 

Formation. — 1. By the action of heat upon the neutral am- 
monic salts of dibasic acids : — 

fCO(N^.O) _ fCO(N"'H,) 20H. 

Ammonio ozaUte. Oxamide. Water. 

2. By the action of ammonia on the ethereal salts of dibasic 
acids: — 

Ethjlio Ammonia. Oxamide. 



SthTlio 
oxalate. 

3. By the action of ammonia on the chloro-dibasio acids : — 



rcoci 

4NH3 + i Et" 

[coci 



CO(N'"H,) 

Et" H- 2NH^C1. 

CO(N"'H,) 



Ammonia. Baodnrlio Saodnamide. Ammoni* 

chloride. ohlonde. 

The secondary and tertiary diamides are but little known. 



ALKALAMIDES. 375 

C. TEIAMIDES. 

Primary Triamides, — ^The primary triamides may be regarded 
as derived from tribasic acids by the substitution of amidogen 
for the hydroxy! contained in the three atoms of ozatyl of 
these adds, or as derived from three molecules of ammonia by 
the displacement of three atoms of hydrogen by the residue of 
a tribasic acid. A good example of a triamide is 

rCHHo(COAd) 

Citramide \ CH(COAd) or N3K(C ^0,)'". 

lCH,(COAd) 

Citramide is formed by the action of ammonia on ethylic 
citrate. 

Secondary and tertiary triamides have not yet been formed. 

2. TRS ALKAL AMIDES, 

These compounds are intermediate between the amines and 
the amides. They are derived from ammonia by the substi- 
tution of part of the hydrogen by positive, and part by negative 
radicals ; and inasmuch as two atoms at least of hydrogen must 
be so substituted, no primary alkalamide can exist. 

Secondary and tertiary monalkalamides, dialkalamides, and 
trialkalamides are known. 

Ethyl acetamide NHEt(CMeO). 

Ethyl diacetamide NEt(CMeO)j,. 

Diethyl oxamide N;a,Et,(C,0,r. 

Diphenyl-carbonyl-oxalyl diamide . N,(CeHJ,(CO)"(C,0,y'. 

Citryl-triphenyl-triamide N,H,(CeH,)3(CeH,0 j'". 

The alkalamides incline towards basicity in their character, 
their degree of alkalinity being about equal to that of urea. 

3. THE TBICHLOEINATED AND TBIBBOML 
NATED AMINES. 

If the hydrogen in an amine be gradually substituted by 
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chlorine or bromine, the basic power of the amine gradual^ 
diminisheB, and finally a neutral compound is obtained. 

This reaction has been studied in the case of aniline, which 
loses basic energy by the successiye displacement of two atoms 
of hydrogen, and finally becomes neutral by the substitution of 
three atoms of chlorine or bromine for three of hydrogen : — 

NH.(C,H,). NH.(C.H,C1). NH,(CACU. NH.(CACU. 

Aniliaei CUoruuline. DiohlonmOiiM. Trinhlflwnfliac. 



4. THE HALOID COMPOUHmS OF 0XTBASE8. 

These bodies are only known in the arsenic series ; they aie 
formed by the action of chlorine, bromine, or iodine upon 
cacodyl and its homologues, or of hydrochloric acid, hydro- 
bromic add, or hydriodic acid upon the oxybases. 
G^eral formula As(G|JIi»+i),Cl. 



Neoatiye Seotion. 
THE IMIDES Aim NITRIDES. 

Generalformula...{^;i^^«;- S?i^-^n"?>- 
I of nitrides. N(C«H,».iO),. 

Fonnation, — ^By the action of chloracids (the so-called chlo- 
rides of negative radicals) upon amides : — 

NH,(CMeO) + CMeOa « NH(CMeO), + Ha 

Aoetamide. AoetyUo DiAoetimide. HfdrooUoifa 

chloride. Mid. 

A repetition of this reaction gives acetylic nitride. 
An imide may also be formed by the substitution of a dyad 
negative radical for two atoms of hydrogen in ammonia, thus : — 



Succinimide NHCC^H^O J", or NH 

These bodies have hitherto received but little attention. 



({!]• 
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CHAPTER Ln. 

n. OOMPOUNDS OF FENTJlD iriTBOQEIir 
AND OF ITS ANALOGUES. 

This dasB of compoonds contams the following serioB : — 



L OMrtioNitroraibMMk 
a. „ Fhotphonia Imms. 
8. ^ AneoiobMet. 
4. M Antimony bMot. 

0. Oiyantunoinio baiei. 



1. SiJtiofAminM. 

% „ FluMphinat. 

8. n Aninea. 

4. „ Stibinea. 

6. „ Ozyananio baa ca . 

& H Oxyaatimonto baae a . 



L Ormnio araeaio 
aoma, oorrahlo- 
ridea, ana Ohio- 
ridea. 

SL Organic antimo- 
nioaoida. 



FOSITTFE or BASTLOUS OOMFOUNDS. 

1. Oawtie NUroffm Fates. — 

General formula N(C«»H9»4.i)^Ho. 

In each radical n must be a positiye integer. The radicals 
need not be all of the same atomic weight. 

Fhrmation. — By the action of argentic hydrate upon the 
iodides of the compound ammoniums : — 

NEtJ + AgHo B NEt^Ho + Agl. 

TeCrethjlaouno- Anentio Tetrefchjlanuno- Argentio 

nio iodide. bTdrate. nio hydrate. iodide. 

2. OauHie Fhaephorus Fates. 
8. Caustio Arsenic Fases. 

4. OawsHe AfUimony Fases. — 

By displacing the N in the above general formula and in the 
equation by P, As, and Sb, the constitution and formation of 
these three series of compounds will be expressed. 

6. Oxyarsenie Fases. — ^These bodies, which are diacid bases, 
are obtained by the slow oxidation of the tertiary monar- 
sines: — 

A»(C,H,»+,), + - A«(C^9»+i),0. 

Tertiary monanine. Ozyanenio baae. 



378 COMPOUNDS OF NITROGEN AND ITS ANALOGUES. 

6. OayantmanicBases, — ^These are formed in a maimer exactly 
analogous to that in which the oxjarsenic bases are produced. 



NEITTEAL COMPOUNDS. 
1. Salts of Amines. 
General formula : — 

N(aH^+i)(O«H^+0,CL 
N.(C,^^)"(C«H«my'ACl,. 

In the first formula m may = ; in the second, Cw Hsm maj be 
displaced by H, ; and in the third, CmH2iri-i may be substituted 
byH,. 

Formation. — Like the analogous compounds of ammonia, the 
salts of the amines are formed by the direct union of acids with 
the amines without elimination of water, thus : — 

NEtH, + HCl = NEtH,Cl. 

Bthylamine. Hjdroohlorio EthrlAinxnoiiio 

•oid. onloride. 

The haloid salts of the amines may also be produced by the 
union of the haloid ethers of the mon&d positive radicals with 
the amines (for reaction see p. 365). 

Character, — The salts of the diamines and triaminee are often 
found to contain only one molecule of acid, instead of two or 
three as shown in the above general formulie, which indicate the 
composition of the normal salts. The nitrogen atoms are in 
such cases united together by one of the bonds of each, 
besides being linked by the polyad radicals, thus : — 

'N>%(C«H2«)"(C«H,„y',H(N0.); »XN.nCnH^-iy"(CmH*.-iy".HCl. 

The difference between these two classes of salts will be ren- 
dered more evident by a comparison of the following graphic 
and symbolic formula : — 



SALTS OF NITBOOBN BA8£S 

Normal Salts. 
0s V® „ (EX /© 
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S^^^ 



. , _ rNH.Cl 

.0 or N,H,Et"Cl„ or J Et" . 

0/^'N® ^ 0/ ^<b) InH,C1 



Bthylente-duunmoiuo dicbloride. 



-<k) 



© — 

0/N0 



0/N0 



Biethylene-truunmonio trioUoride. 

rNH,Cl 
lEt" 
or N,H,Et",Cl. or < NH,CL 
lEt" 
tNH,Cl 

Monaeid SalU. 
orir^H.Ef'Clor SS'ciEt". 



0/^ 



N0 

Bthylene-dtammonio monochloride. 

©sy® ., ^ — 17 — N /® 




Dieth jlene-trumuaonio monodiloride. 

or »»(NJ«'H,Et",Cl or i*^ j,^,. 




®s 




DiaeidSalt. 



® © €>■ 



0/"^ 0/ \0 0/^<h) 

Dletiiylene-triammomo diohloride. 

or "(N3)-"»H,Et",Cl, or JNH g„. 
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2. Salts qfFhoiphinea. 
8. Salts ofJrsines. 
4. Salts qfStibines.— 

These three series of salts all present close analogies with the 
salts of the amines both in constitution and in the mode of their 
formation. 

5. Salts of Oxyarsemc Bases. 
A»(C^^i),Cl,. 
JBbrmaiUm. — ^Bj the action of acids ontheoxyaiBenicbaaeo: — 
A»Me,0 + 2Ha = AaMe.Cl, + OH^ 

Anenio HTdrodhlnio Anenio trimeUio- Water. 

trimethoxide. aoid. diohlarida. 

6. Salts of Oajfontimonie Bases. 

These resemble the preyious salts in formation and consti- 
tution. 



NEGATIVE or CHLOROUS COMPOUNDS. 

1. Organic Arsenic Adds^ Oxychlorides, and Chlorides. 

The following are the principal bodies of this class : — 

Monomethylarsenic acid AsMeOHo,. 

Arsenic oxydichlormethide AaMeOCl,. 

Arsenic tetrachlormethide AaMeCl^. 

Cacodylic acid AsMe,OKo. 

Cacodjlic trichloride AsMe,Gl,. 

2. Organic Antknonie Acids, 

No exploration of this series has yet been made. Hie 
members of it will doubtless be found to present close analogies 
with the corresponding series of arsenic compounds. 
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CHAPTER LIII. 

OBGAIirOMBTALLIO BOBIES. 

This tenn is applied to a family of compoimds in which an 
organic radical is united directly with a metal ; and it senres to 
distinguish them from other organic compounds containing 
metals, in which the metal and organic, radical are indirectly 
united or linked to each other. 

Thus zincic ethide is an organometallic body, while zincic 
ethylate and zincic succinate are organic bodies containing 
metals: — 



Zincic ethide . . . Z&Et,. 




Zincic ethylate . . . ZnEto,. 




fCO—. 
Zincic succinate ,..< OM. Zno". 

[co ' 



Many organic compounds containing metals are the deriva- 
tiyes of organometallic bodies ; thus zincic ethide by oxidation 
yields zincic ethylate — 



ZnEt, 

Zindo 



+ 0. 



ZnEtOj^; 

Zindo 
ethylate. 
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and by further oxidation zincic ethylate can be converted into 
zincic acetate — 

cS.Zno"+20.»gg>o"+20H.. 

Zinoio ethjlate. Ziacioaoetat& Water. 

Another instance of the derivation of organic bodies con- 
taining metals from organometallic bodies is seen in the for- 
mation of potassic propionate by the action of potaasic ethide 
upon carbonic anhydride : — 

CMeH.K + CO, = {g^g.. 

Fotanio Carbonic Potaarie 

ethide. anhTdride. piopioiiate. 

FomuUion of organometdUic bodies, 

Organometallic bodies are produced in a large number of 
reactions, which may, however, be classed under the following 
four heads : — 

I. By the union of monad positive radicals in ttatu noMcenU 
with a metal, or by the coalescence of a metal with the iodide of 
a monad positive radical. 

Thus, when zinc and ethylic iodide are heated together to 
100° in closed vessels, zincic ethide is formed : — 

2EtI + Zn, » ZnEt, + Znl,. 

Eth^o Zindo Zinoie 

iodide. ethide. iodide. 

Sometimes light may be employed instead of heat to effect 
this change, as in the case of the organo-tin compounds. In 
the foimation of organo-mercury compounds by this method, 
light is indispensable to the reaction : — 

EtI + Hg = HgEtl. 

Eth;rIio Meronric 

iodide. ethiodide. 

II. By the action of the respective metals alloyed with potas- 
sium or sodium upon the iodides of the monad positive radicals. 



PORMATION OF OBOANOHETALLIC BODIES. 888 

By this process there is less tendency to fonn compounds 
containing both positive radicals and negative elements. Potas- 
sium or sodium compounds are never produced in this reaction, 
because they cannot exist in the presence of ethylic iodide or 
its homologues. This process is well adapted for the formation 
of arsenic, antimony, tin, mercury, lead, bismuth, and tellurium 
compounds: — 

4EtI + SnNa^ = SnEt, + 4JSraL 

Eth^lio Tinaodinm Stannio Bodic 

iodide. alloj. ethide. iodide. 

2EtI + HgNa^ «= HgEt, + 2NaI. 

Etfa^lio Sodium Meroaric Sodio 

iodide. Mww.lgMm. ethide. iodide. 

III. By the action of the zinc compounds of the monad 
positive radicals upon the haloid compounds, either of the 
metals themselves, or of their organo- derivatives. 

For the production of organometallic bodies containing less 
positive metals than zinc, this method is generally the most 
convenient, and is of most xmiversal application. Gompoimds 
containing mercury, tin, lead, antimony, and arsenic have been 
thus produced ; but the process has failed when applied to the 
haloid compounds of copper, silver, platinum, and iron ; for, 
although these bodies are violently acted upon, the organic 
radicals do not unite with the metal : — 

SnCl, + Zn£t, = SnEt,Cl, + ZnCl,. 

Bfeannio Zindo Stannic dichlor- Zinoio 

diloride. ethide. ethide. chloride. 

SnCl^ + 2ZnEt, = SnEt^ + 2ZnCl,. 



Zindc Stannio Zinde 

diloride. ethide. ethide. chloride. 

2HsEtI + ZnEt, = 2HgEt, + Znl,. 

Mercnrio Zinoio Hercnrio Zinoio 

ethiodide. ethide. ethide. iodide. 

lY. By the displacement of a metal in an organometallic 
compound by another and more positive metal. 

This method has been successfully employed for the forma- 
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tion of the organo-compoimds of potassium, sodium, lithiiim, 
aluminium, and zinc. In the first three eases the reaction takes 
place at ordinary temperatures, some of the original compound 
entering into the composition of the resulting organometallic 
body: — 

dZnEt. + Na, « 2ZnNaEt, + Zn. 

Zinoio Bodiosiiiaio 

ethide. efchide. 

3H«Bt, + Al, « 'Al'",Et. + 3Hg. 

Meronrio Alnminio 

ethide. ethide. 

HgAy. + Zn « ZiiAy, + Hg. 

Menmzio Zinde 

amylide. amylide. 



Beaetiana of orgamometaLlio hodiei, 

1. The most interesting reaction of the organa- eompomuk 
qf the monadmeUUs is, their transformation into salts of normal 
&tty acids by the action of carbonic anhydride (see p. 801). 

2. The organo- compounds qfpotatiium and sodium decompose 
the iodides of the monad positive radicals in the cold, forming 
hydrides and dyad radicals :— 

C,H.Na + C,HJ = Nal + C,H,H + CJI,. 

Sodic Bthrlio Sodio BthyUo BaiykBe. 

^.uiA^ iodide. iodide. hjdride. 



3. The organth compounds of sine are decomposed by irater, 
with formation of the hydrides of the radicals : — 



+ 20n, a ZnHo, + 2EtH. 

Zindo Water. Zindo V&iy^ 

hydnte. hjdnde. 



4. By the slow action of dry oxygen, they pass through two 
stages of oxidation : — 

ZnEt, + = ZnEtEto; 

Zindo Zindc eihide 

ethide. ethjiate. 

ZnEtEto + » ZnEto,. 

Zindc ethide Zindo 

ethjUto. ethjlMe. 
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5. Monad negative elements, such as iodine, remove succes- 
sively the two atoms of ethyl : — 

ZnEtj, + I, = ZnEtl + EtI: 



Zindo 
ethide. 



Zindo 
ethiodide. 



Ethjlio 
iodide. 



ZnEtl + 

Zindo 
etiiiodide. 



la = 



Znl, + EtL 



Zindo 
iodide. 



Bthjlie 
iodide. 



6. The organo-zinc compounds are extremely useful for the 
displacement of chlorine or its analogues by ethyl or its homo- 
logues : — 



2PEt, + SZnCl,. 



2PC1, + 8ZnEt, 

FhoBphoTOQB Zindo 

teionloride. ettiide. 

SiCl^ + 2ZnEt^ ^ SiEt^ + 2ZnCl 

Silido Zindo 

c^iloride. ethide. 

fCaH.Cl 

2 j + ZnEt, 

duorether. 



Triethyl- 
plioflplune. 



Silido 
ethide. 



Zindo 
oihloride. 



Zindo 
diloride. 



fOAEt 
1 

Ethjlo- 
dUorether. 



Zindo 
et|ude. 



rc;ff,Et 

2j O 

chlorether. 



+ ZnCl,: 



Zindo 
chloride. 



+ ZnEt, = 



Zindo 
ethide. 



rc,H,Et 

2^0 
[C,H,Et 

Diethjlftted 
ethjlio ether. 



+ znca,. 



diloride. 



Diethylated ethylic ether is isomeric with butylic ether, and 
contains the radicfd methylo-ethylated methyl (see p. 205). By 
oxidation it would doubtless give methylated acetone (p. 360). 

7. Oxygen may also be displaced in a similar manner. 
Thus:— 

N.OEt-O-n ,, 

N,OEt.O-J^ 

Nitrio Zindo Zindo dinitro-ethjlato. 

oxide. ethide. 

This compound is analogous to zincic propionate, the latter 
containing two atoms of tetrad carbon in the place of the two 
tetrad pairs of nitrogen atoms : — 

COEt-O^ .. cEtO. 



2'W;0, + ZnEt, = 



or ^ggzno". 



Zincic propionate 



Zn" 
COEt-O— I 



or 



CEtO 



Zno". 



8 
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8. An analogous reaction is observed with sulphurous anhy- 
dride: — 

Salphnroaa Zinoio Ziudo aetli^dithMHyite. 

anhydride. methide. 

9. When ethylic borate is acted upon by zincic methide, the 
ethoxyl becomes replaced by methyl : — 

BEto, + dZnMe, » BMe, + d2SnMeEto. 

Etl&ylio Zindo Bono Zuusc metliide 

borate. methide. methide. etlijlate.; 

10. When ethylic oxalate is heated with zincic ethide, and 
water afterwards added, diethozalic ether is formed : — 

(colS+^"^. + 20H.» {ggg« + ZnHo, + EtHo. 

Ethvlio Zinoio Water. Diethoxalio Zinbie AleokoL 

oxalate. ethide. ether. hydrate. 

11. By the action of ammonia, or of certain amines and 
amides, zincic ethide exchanges its zincrfor hydrogen : — 

aSnEt, + 2NH, = ZnAd, + 2EtH. 

Zinoio Atnp^^ptj i Ziti^4t ■.ihMa- Bthylio 

ethide. hydride, 

12. The organo-zinc compounds, by losing one of their 
organic radicals, become monad radicals, as shown by the fol- 
lowing formula : — • 

Methylozincic dinitrome- 1 Tf",OMe.O.(ZnMe). 
thjlate J 

Ethylozincic dinitroefchy- f ,^,^qjj^_q^2;jjj;4j 
late I 

Ethylic ethylo-zincic di- f CEt .0-(ZnEt) 
ethoxalate tCOEto 

13. Mercuric ethide^ when treated with bromine, loses one- 
half of its ethyl, which is displaced by the negative element — 

HgEt, + Br = HgEtBr + EtBr. 

Hercorio Meroorie Bthylio 

ethide. ethobromide. bromide. 



I 
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14. Morcurie metMdey when sabndtted to the action of mer- 
curic iodide, yields mercuric methiodide : — 

HgMe, + Hgl, » 2HgMeI. 

Mercmio Msraorio Meronrio 

inMh»<^^ iodide. methiodide. 

The hydrates corresponding to the mercuric ethobromide and 
methiodide have been produced. They are powerful caustic 
basesy of the formula 

HgEtHo and HgMeHo. 

Mercforio Meronrio 

ethohjdrate. metliohjdnte. 

15. The organo-itaimotu compounds unite directly with 
negative elements, passing into stannic bodies : — 

SnEt, 4- I, = SnEt,!,. 

Stannotis Staonio 

eChide. iododiethide. 

16. SypoHannie orffano-compounds undergo a similar trans- 
formation : — 

'Sii'",Et. + la = 2SnEt3l: 

Hypoeteanio Btannio 

efchide. iodotriethide. 

SnEtjI + I, « SnEtJ, + EtI. 

Stannic Stumio Bthylio 

iodotriethide. iododiethide. ''"-^^ 



17. Hypottanme ethodModide is formed by the action of 
iodine upon stannic ethodimethide : — 

2SiiEt,Me, + le = 'Sii'",EtJ, + 4MeI. 

stannic Hypottannio Kethrlic 

ethodimethide. ethodiniodide. iodiae. 

18. Stannic ethide^ when treated with hydrochloric acid, 
yields stannic chlorotriethide and ethylic hydride : — 

SnEt^ + HQ = SnEt.Cl + EtH. 

Stannic Hydrochlorio Stannic Ethylic 

ethide. aoid. dilorotriethide. hydride. 

The oxide and hydrate corresponding to the stannic chloro- 
triethide are known ; their formulas are : — 

Oxide ...Jo '; Hydrate... SnEtjHo. 
[ SnEt, 

s2 



388 OBOANOHETALLIC B0DIB8, 

These compounds, and the salts which they form, correspond 
in composition, constitution, and, to a certain extent, in pro- 
perties, with the compounds of methyl:— 

AloohoL Haloid ether. Btfaer. 

Methylio CH^o. CH,C1. jO . 

fSnEt, 
Stanntriethylic ... SiiEt,Ho. SnEt^Gl. < 

[SnEt, 

19. Stannic ehlorodiethide is readily reduced to stannous 
ethide by the action of zinc : — 

SnEt^Gl, + Zn « SnEt, + ZnCI^. 

Steimio Statmoas Zinoic 

dhlorodiettude. ethide. chloride. 

20. Perplumhio ethide resembles stannic ethide in its re- 
actions; thus with hydrochloric acid it yields perplumbic 
chlorotriethide and ethylic hydride: — 

PbEt, + HCl = PbEt3Cl + EtBL 

Feiplmnbio Hjdrodilo- Perplombio BUijiie 

ethide. no add. ohlorotriethide. hydiide. 

21. Ferplumbic triethohyirate (PbEtgHo) is a powerful base, 
forming salts with acids. 

22. The organo4eUu/rium compounds form oxides and salts. 
The following are the formulie of tellurium ethide and some of 
its compounds : — 

Tellurium ethide TeEt,. 

Tellurous diethoxide TeBt,0. 

Tellurous diethiodide TeEt,!,. 

Tellurous diethosulphate TeEt,(S^O^)". 

ConetituHon of OrganometaUic Bodies. 
The organometallic compounds are constituted on the ^^pes of 
the metals they contain. It was, in fJEUst, the study of these 
bodies which first led to the doctrine of the atomicity of 
elements. They afford striking examples of monad, dyad, triad, 
tetrad, pentad, and hexad types. 
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The organic deriyatiyes of the monad metals are formed on 
the type of potassic chloride (KCl) : — 



©-© 



FotMtio chloride. FotaMio ethide. 

The organo-zinc, cadmium, magnesium, and mercury com- 
pounds are formed upon the type of zindc chloride (2SnCla): — 




0-<g)-@ 



Zinde chloride. 




M etoDrio iodethide. 



The organo-almninic compounds are formed upon the type 
of aluminic chloride ('A1"',C1,) :— 







(Sh©-0 ©-©-© 

© ® 

Almninio ehloride. Almninio mafehide. 

The organo-tin compounds are formed upon the three typeH 
"Sii"Cla. 'Sn"'aCl„ and SnCl^,— the first resembling the zincic 
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chloride type, and the second the aluminic diloride lype (s 
p. 389) :— 







stannic oUoride. Slunio iododietfiide. Sfeuinio efthidaw Btai»io iodotrielfaide. 





Stannio triethofaydnte. DiflUmnto hezeUiaiide. 

The inorganic types of the organo-telluriam series are TeCl^ 
andTeO,:— 

Tellnriam ofaloride. TeUvrow oxide. 

®"S^ ®=®| GT-w 

TeUariam ethide. Telluoas dietfaozide. TeUnrou diathiodidff. 

The organo-arseniCy antimony, and bismuth compounds are 
derived from the types 'AM"fi"„ AsCl,, AsOHo^ SbCl,, SbCU 
BiCl,, and BiO^Ho (see pp. 370, 377, and 380) :— 






Monometh^anemc add. 



Caoodylio add. 




Anenio ozytximailudeL 
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The effect of the substitation of pontive for negatiye radicals 
in compounds is well exhibited in the case of arsenic acid, 
AbOHOj, as illustrated in the above graphic representations. 
By the substitution of one atom of methyl for hydroxy!, a 
well-defined acid (less negative, however, than arsenic acid) 
is produced, monomethyl arsenic acid, AsOMeHo,. By the 
replacement of a second atom of hydroxyl by methyl, a very 
feeble acid, cacodylic acid, AsOMe^Ho, is obtained. By the 
replacement of the third atom of hydroxyl by methyl, the 
acid properties are completely destroyed, a feeble base, the 
arsenic oxytrimethide, being formed, AsOMe,. ^Finally, by the 
substitution of methyl and hydroxyl for the remaining atom of 
oxygen there is produced a powerful base, tetramethylarsenic 
hydrate, AsMe^Ho. 

The following is a list of the principal organometallic 
bodies at present known : — 

I. Organo- compounds containing monad metals : — 

Fotassio-zincic methide KMe^ZnMe,. 

Fotassio-zindc ethide KEt^ZnEt,. 

Sodio-zincic ethide NaEtyZnEt,. 

Lithio-zincic ethide LiEtyZnEt,. 

Lithio-mercuric ethide LiEt^gEt,. 

II. Organo- compounds containing dyad metals : — 

Magnesic ethide MgEt,. 

Zincic methide ZuMe,. 

Zincic ethide ZnEt,. 

Zincic amylide ZnAy,. 

Mercuric methide HgMe^. 

Mercuric ethide HgEt^. 

Mercuric methiodide HgMel. 

Mercuric ethonitrate HgEt(N^O,). 

Stannous ethide "Sn"Etj,. 

Tellurium methide TeMe^. 
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in. Organo- compounds contaming triad metals : — 

These compounds belong to the 11th fjEumly of organic 
bodies, and have been treated of at p. 370. 

IV. Organo- compounds of tetrad metals : — 

Stannic methide SnMe^. 

Stannic iodotrimethide SnMcjI. 

Stannic iododimethide SnMe^I,. 

Hypostannic ethide 'Sii'"^tg. 

Stannic ethjlodimethide SnEtaMe. 

Hypostannic ethodiiodide 'Sn'"^^I,. 

Ferplumbic ethide PbEt^. 

Ferplumbic chlorotriethide FbEt,Cl. 

Y. Organo- compounds of pentad metals : — 

These bodies belong to the 11th family of organic com- 
pounds, and have been already treated of at p. 377 and 380. 
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Abflolute atomicity, 21. 

Aoetamide, 372. 

Aoetio series of acids, 297. 

„ series of acids, relations of, to 

aorylio series^ 314. 
n series of acids, relations of, to 
lactic series, 324. 
Aoetio series, relations of succinic 

series to, 341. 
Acetone, 360. 

„ diethylated, 360. 
„ dimethylated, 360. 
», ethylated, 360. 
„ methylated, 360. 
Ao0fyl,221. 
Aoetylene, 217. 

„ series of radicals, 217. 
Aoetylio nitride, 376. 
Acelylide of copper, 218, 219. 
Acid, acetic, 306. 
„ aceto-lflctic 317, 319. 
„ aoetonic, 331. 
„ aoonitic, 353. 
„ acrylic, 270, 315. 
„ adipic, 339. 
„ amidodinitrophenylic, 262. 
„ anohoic, 339. 
„ angelic, 312. 
„ aposorbic, 271. 
„ arachidic, 299. 
„ anienic, 123. 
„ arsenious, 122. 
„ behenic, 299. 
„ benzoic, 337. 
„ boracic, 55: 
„ boric monobasic, 54. 
„ boric tribasic, 54. 
„ boric, 55. 
„ brassio, 313. 
„ bromio, 89. 
„ brompbenvlic, 261. 
„ balync, 308. 
„ capric, 299. 
„ caproio, 298. 



Acid, capiylic, 298. 

„ carbolic, 259. 

„ carbomethjlic, 326. 

„ carbonic, 58, 326. 

„ cerotic, 299. 

„ ohlorhydric, 39. 

„ chloric, 49. 

„ chlorochromic, 188. 

„ chloropropionic, 329. 

„ chlorous, 48. 

„ dmicio, 313. 

„ cinnamic, 336. 

„ citraoonic, 345. 

„ dtric 270, 353. 

„ oollinic, 336. 

„ conyolyulinoleic, 333. 

„ crotonic, 312. 

„ j3 crotonic, 313. 

„ cuminio, 336. 

„ cyanic, 228. 

„ cranuric, 228. 

„ duunaluric, 313. 

„ damolic, 313. 

„ desoxalic, 271, 353. 

„ dextrotartaric, 351. 

„ diamylaoetic, 311. 

„ dibromofluocinic, 347. 

„ dichIorphenYlic26I. 

„ diethaoetic, 311. 

„ diethoxalic, 320. 

„ dimethacetic, 311. 

„ dimethoxalic, 320. 

„ dinitrophenylic, 261. 

„ disulphodithionic, 75, 8^. 

„ disulphuretted hyposulphuric, 

83. 

„ dithionic, 74, 82. 

„ doolie, 313. 

„ elaidic, 313. 

„ erucio, 313. 

„ ethacetic, 308. 

„ ethomethoxalic, 320. 

„ ethylorotonic, 313. 

„ ethylglyooUic, 332. 
s5 
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Add, ethjl-lactio, 319. 

„ formio, 243, 304. 

„ fulminuric, 228. 

,, fumaric, 345. 

„ gaidic, 313. 

„ glyceric, 269, 335. 

„ glyooUio, 264, 278, 318. 

» glyconuUlc, 351. 

„ glyoxalic, 333. 

i» plyoxylio, 335. 

„ hippurio, 337. 

„ homolactio, 327. 

,» homotartaric, 351. 

„ hydriodic, 91. 

„ hydrobromio, 87. 

„ hydrochloric, 39. 

„ hydrooyaiiic 223, 243. 

„ hydroferrocyanic, 226. 

„ hydrofluoric, 97* 

„ hydrofluoboric, 54. 

„ hydroselenio, 84. 

„ hydrosolphuric, 70. 

„ hypobromoua, 89. 

„ hypochloroua, 47. 

„ hypogadc, 313. 

„ hypophosphoroiu, 114. 

„ hyposulphurio, 82. 

„ hyposulphurouB, 74, 81. 

„ iodic, 93, 94. 

„ iflobutyric, 311. 

„ isochloropropionio, 331. 

„ isodibromosoocixiic, 347. 

„ iflomaleio, 345. 

„ itaoonic, 345. 

„ iaiapinoleic, 333. 

„ lactamic, 329. 

„ lactic, 325, 327, 329. 

„ heyotartario, 351. 

„ lauric, 299. 

„ leuoic, 319. 

„ nudeie, 345. 

„ malic, 350. 

„ nudonic, 339. 

„ margaric, 299. 

„ melusic, 299. 

„ mesaoonic, 345. 

„ metabismuthic, 140, 143. 

„ metabismuthoos, 1^, 142. 

„ metaboric, 54. 

„ metantimonio, 131, 134. 

„ metantimonic, of Fr6my, 135. 

„ metantimonious, 131, 132, 

„ metaphosphorio, 115, 117. 



Acid, metanenio, 123. 
metaatamiic, 105. 
metatartaric, 351. 
methaoetic, 308. 
melhacrylic 313. 
methethacedc, 310. 
methylcrotoiiic 313. 
methylglyoollic, 319. 
methyl-lactic, 317. 
moringic, 313. 
mucic, 271. 
muriatic, 39. 
myriatic, 299. 
nitric, 61. 

nitric, manufacture of^ 62. 
nitrophenylic, 261. 
nitrous, 61, 63. 
oenanthylio, 298. 
oleic, 3l6. 

orthantimonio, 130, 131. 
orthobismuthous, 142. 
orthoboric, 54. 
orthoj^iosphoric, 118. 
oxalic, 229. 
oxamic, 231. 
oxybutyric, 318. 
palmitic, 299. 
paralaotio, 321. 
paraleucio, 321. 
parantimonic, 135. 
pelargonie, 298. 
penti^onic, 75, 83. 
perdiloric, 50. 
perchlorphenylic, 261. 
perchromic, 187. 
periodic, 93, 96. 
phenoio, 336. 
phenylic, 260. 
phosphoric, 115, 118. 
phoephoric dodecabadc, 115. 
phosphoric hexabaaio, 115. 
phosphorous, 114, 116. 
physetoleic, 313. 
pioramic, 262. 
picric, 262. 
pimelic, 339. 
propionic, 308. 
propylacetio, 309. 
j3 propylaoetic, 309. 
pyrantimonic 131, 135. 
pyrarsenic, 123. 
pyrophosphorio, 115, 118. 
pyiotartaric, 339, 349. 
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Add, pjrotorefto, dl3w 

„ pyruyic, 333. 

„ raoemic, 351. 

„ ricinoleic, 333. 

„ roooellic, 339. 

„ saochario, 271. 

„ aalioylio, 336. 

„ aebacio, 339. 

„ aelenic, 85. 

„ seleniouB, 85. 

„ ailicio, 101. 

„ stannio, 101. 

„ stearic, 299. 

„ Buberio, 339. 

„ saooinethylio, 362. 

„ soocinio, 342. 

„ Bulphamjlio, 275. 

„ sulphanenio, 124. 

„ sulphanenious, 124. 

„ Bulphhydric, 71. 

„ sulphooarbonio, 73. 

„ sulphochromio, 187. 

„ Bulphodithionioy 74, 83. 

„ Bulphomethylio, 274. 

f, sulphoBulphuric, 74, 81. 

„ Bulphoyinio, 275. 

„ sulphoric, 74, 78. 

„ sulphuric, manufaoture of, 79. 

„ sulphuric (Nordhausen), 74, 

„ sulphurous, 74^ 

„ tartaric, 270, 351. 

,» tartaric (inactive), 851. 

„ tartronic, 269, 350. 

„ tetrathionic, 75, 83. 

„ titanic, 106. 

„ toluylic, 336. 

„ trioarbaUylic, 353. 

„ trichlorphenjlic, 261. 

„ trimethaoetic, 310, 312. 

„ trinitrophenTlio, 262. 

„ trisulphodithionic, 75, 83. 

„ trisulphuretted hyposulphuric, 
83. 

„ trithionic, 74, 82. 

„ valerianic, 309. 

„ valeric, 309. 

„ valerolactic, 319. 

Acid salts, definition of^ 13. 
Adds, acetic or &ttj series of, 297. 

„ acetoid series of, 339. 

„ acrylic series of, 312. 

„ anhydrous definition of, 8, 10. 



Adds, benxoic or aromatic series of, 
335. 

„ classification of, 296. 

„ definition of, 8. 

„ derivation of, from alcohols, 
297. 

„ dibasic, 337. 

„ dibasic, definition of. 9. 

„ dibasic, formation of, 338. 

„ dibasic, reactions of, 338. 

„ dibasic, succinic or acetoid 
series of, 339. 

„ dibasic, fiunario or acryloid 
series of, 345. 

„ dibasic, tartaric or glyoxyloid 
series of, 351. 

„ formation from anhydrides, 
43. 

„ fumaric or aoryloid series of, 
345. 

» fflyoxylio series of, 335. 

„ lactic series of, 316. 

„ lactic series of, classification 
of, 317. 

„ lactic series of, definition of, 
316. 

„ lactic series of, relations to 
acetic series, 324. 

„ lactic series of, relations to 
aciylic series, 324. 

„ law of basidty of, 296. 

„ malic or lactoid series of, 349. 

„ monobasic, 296. 

„ monobasic, definition of, 9. 

„ nomenclature of, 9. 

„ normal fatty, ascent of the 
series, 303. 

„ normal fatty, relations of, to 
C»HftH.iHo alcohols, 303. 

„ normal fatty, relations of, to 
C„Hsto+i radicals, 302. 

„ normal £iitty, relations of, to 
each other, 303. 

„ normal, of acetic series, 298. 

„ normal, of acrylic series, 312. 

„ normal, of acrylic series, for- 
mation of, 313. 

„ normal, of &tty series, for- 
mation of, 300. 

„ normal, of &ttv series, occur- 
rence of, 300. 

„ normal, of lactic series, for- 
mation of, 323. 
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Axnda, of acrylic Beries, rebtioiiB of, 
to aoetic series, 314. 
„ of antimony, 130. 
,, of chlorine, 45. 
„ of lactic series, isomerism of, 

325. 
„ of nitrogen, 61. 
„ olefine, of acrylic series, 313. 
„ olefine, of acrylic series, for- 
mation of, 314. 
„ olefin^, of lactic series, for- 
mation of, 324. 
„ oleic series of, 312. 
„ organic, 296. 
„ polybasic, definition of, 9. 
„ pyruvic aeries of^ 333. 
„ secondary &tty, 310. 
„ secondary, of acrylic series, 

313. 
„ secondary, of acrylic series, 

formation of, 314. 
, , secondary, of lactic series, 319. 
„ secondary, of lactic series, for- 
mation of^ 323. 
„ succinic series of, 339. 
„ tertiary fat^, 311. 
„ tribasio, 352. 
Acrolein, 270, 294. 
Acryl,221. 

Acrylic series of acids, 812. 
Acrylic series of adds, relations of, to 

lactic series, 324. 
Acryloid or fumaric series of acids, 
345. 
„ series of adds, isomerism 
in, 345. 
Action, chemical, modes of^ 1. 
Active atomicity, 21. 
Affinity, chemical, 4. 
Agabnatolite, 177. 
A&kbaster, 160. 
AJanin, 293, 329. 
Albite, 178. 

Alcohol, aUylic, 244, 257. 
amylic, 246, 252. 
benzoic, 244, 258, 260. 
butylic. 252. 
„ oaproylic, 246. 
„ capi^lic, 246. 
„ cerotic, 246. 
cetylic, 246. 
or«8ylic, 259, 262. 
cumylic, 259. 



Alcohol, ethylenic, 264. 

ethyHo, 250. 

heptylic, 246. 

hexylic, 246. 
„ isopropylic, 253. 
„ meiisBic, 246. 
„ methylic, 246, 249. 

octylic, 246. 
„ oenanthylic, 246. 
„ pentacid, 271. 
„ pentylic, 246. 
„ phenylic, normal, 258. 
„ phenylic, secondary, 260. 
„ propyUc 244, 246, 252. 
„ pseudamylic, 253. 
„ peeudohCTylic, 253^ 
„ stanntriethylic, 388. 
„ sulphur, 251. 

sycocer^lic, 259. 

tetrylic,'246,'252. 
vinyUc, 256, 277. 
Alcoholatee, 251. 
Alcohols, 243. 

diadd, 245, 262. 
„ ethylic series of, 245. 

monadd, 245, 255, 258. 
„ monadd, of rinylic aeries. 

255. 
„ normal monadd. of phe- 
nylic series, 258. 
„ nomukl, of ethylic seriesi. 

245,246. 
„ polyacid, 270. 
„ relations of, 246. 
„ relations of^ to taitj acids. 

303. 
„ secondary monadd, 252. 
„ secondary, of ethylic aeri^ 

245. 
„ secondary, of phenylic 9e> 

ries, 259, 260. 
„ tertiary monadd, 254. 
„ tertiary, of ethylic series. 
245. 
triadd, 245, 267. 
Aldehyde, acetic, 277, 293. 
„ acrylic, 294. 
„ benzoic, 295. 
„ butyric, 292. 
„ capric 292. 
„ cuminic, 295. 
„ euodic, 292. 
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Aldehyde, laurie, 292. 

„ oenanthjlio, 292. 

„ palmitio, 292. 

„ propionic, 292. 

„ Hklicylic, 336. 

„ valerio, 292. 
Aldehydes, 29a 

„ definition of, 290. 

„ deriyed from the 

CnHai+iHo alooholB, 
292. 

„ from the CnHato-.iHo al- 
ooholB, 294. 

M from the CnHsto-rHo al- 
(x^ols, 295. 

„ preparation of, 290. 

„ reactions of, 291. 
Alkalamiden, 363, 375. 

„ constitution of, 375. 

AUaloids, artificial, 364. 

„ from cinchona, 370. 

„ from nuz vomica, 370. 

„ . from opium, 370. 

„ from tobacco, 370. 

„ the natural, 370. 
Allophane, 176. 
Allotropic oxygen, 41. 

„ phoflphoms, 106. 

„ Tarietiee of sulphur, 70. 
Allyl, 210. 
Allylamine, 365. 
Allylic iodide, 268. 
Alum, common, 177. 
Aluminite,. 176. 

^1«Tn4Tt4wT«^ 175. 

Agalmatolite, 177. 

AUnte, 178. 

Allophane, 176. 

Alum, 177. 

Aluminate, dipotaasic, 176. 

Alnminate, magnesio, 176. 

Aluminic calcic disilicate, 103. 

„ calcic trisilicate, 103. 

„ chloride, 175. 

„ hydrate, 175. 

„ manganous diaiUoate, 

„ manganous tetrasul- 

phate, 190. 
„ methide, 389. 
„ oxide, 175. 
„ oxyhydrate, 176. 
sulphate, 176. 



AluTwJulwTw {continued). 

Aluminic sulphate tetrahydrate, 
176. 
„ sulphide, 176. 
„ tricalcic trisilicate, 
103. 
Aluminite, 176. 
' Alum, manganese aluminium, 
190. 
„ potassium dirome, 187. 
„ potassium manganese, 
190. 
Alum-stone, 177. 
Alunite, 177. 
Analdme, 178. 
Andalusite, 177. 
Anorthite, 103. 
Atomicity of alumininm, 175. 
Buchholzite, 177. 
ChiastoUte, 177. 
Cimolite, 177. 
Collyrite, 177. 

Compounds of aluminium, 175. 
Cyanite, 177. 
Diaspore, 176. 
Dihydric aluminic tetrasilicate, 

Dipotassic aluminate, 176. 

„ aluminichexaailicate, 
103. 

„ aluminic tetrasul- 
Dhate, 177. 
Bmerald, 103. 
Felspar, 103. 
Fibrolite, 177. 
Gibbsite, 175. 
GrosBularia, 103. 
Kaolin of EUenbogen, 177. 
Labradorite, 103. 
Lepidolite, 178. 
Muinesic aluminate, 176. 
Malthacite, 178. 
Miloeohine, 177. 
Orthose, 103. 
Porcelain day, 177. 

„ clay of Passau, 177. 
Prehnite, 176. 
Pyrophyllite, 103. 
Bazoumoi&kin, 178. 
Saponite, 178. 
SilUmanite, 177. 
Spinelle, 176. 
Spodumene, 176. 
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Altuninium {eoniintied). 

Trigludnio aluminio hensili- 

cate^ 103. 
Weraerite, 177. 
Worthite, 177. 
Xenolite, 177. 
Zoimte, 176. 
Alam, manganeBe alummiom, 190. 
„ potaadum orome, 187. 
„ potafisium numganefle, 190. 
AlumHitone, 177. 
Alimite, 177. 
Amidee, 363, 372. 

„ definition of, 372. 
Amidogen, 28. 
Amines, 363, 364. 

„ claesiftoation ot 364. 
„ diacid salts of, 379. 
„ monacid salts of, 379. 
„ normal salts of, 378. 
„ salts of, 378. 
Ammonia^ 60, 67. 

type, 202. 
Ammonic chloride, 60, 67. 
„ chloride tjpe, 202. 
salts, 67, 68. 
Ammoniocupric carbonate, 173. 
sulphate, 172. 
Ammonium, 68. 

„ amalgam, 68. 
Ammonozyl, 28. 
Amorphous boron, 51. 

„ phosphorus, 108. 
Amozyl, 203. 
Amyl, 209. 
Amylamine, 365. 
Amylene, 213. 
Amylenio chloride, 288. 
„ bromide, 288. 
Amyl dyoerin, 267. 
Amylide, antimonious, 128. 

„ zindc, 391. 
Analoime, 178. 
Anatase, 106. 
Andalusite, 177. 
Anhydride, acetic, 356. 

„ acetobenzoio, 356. 
„ antimonio, 131, 133. 
„ antimonious, 130, 131. 
„ arsenic, 122, 123. 
„ arsenious, 122. 
„ auric, 174. 
„ benzoic, 356. 



Anhydride, bismuthic, 189, 140, 142. 

„ borio, 54. 

„ butyric, 356. 

„ carbonio, 57. 

„ caproic, 356. 

„ canrylic, 356. 

„ duorous, 46. 

n chromic, 186. 

„ hypobromous, 89. 

,» hjpoohlorous, 46. 

„ iodic, 93. 

„ lactic^ 357. 

„ nitric, 61, 6a 

„ nitrous, 61, 63. 

„ omanthylic, 356. 

„ palmitic, 356. 

„ pelarsonic, 356. 

„ periodic 93, 95. 

„ phosphoric, 114, 117. 

„ phosphorous, 114, 116. 

„ propionic, 356. 

„ selenious, 85. 

„ silicic 101, 102. 

„ stannic 104. 

„ succinic 357. 

„ sulphantimonic 138L 

„ sulphantimonious, 136. 

„ sulpharsenic 124, 125. 

„ sulpharsenious, 124. 

„ sulphochromic 188. 

„ sulphuric 74, 77. 

„ sulphurous, 74, 75. 

„ titanic 106. 

„ Talerianic 356. 
Anhydrides, 354. 

„ oonyersion into acids, 43. 

„ definition of, 8, 10, 354. 

„ of the dihydrie dibasic 
acids, 357. 

„ of the dihydrie mono- 
basic adds, 357. 

„ ofthemonohydriemono- 
basic acids, 355. 
Anhydrous acid, definition of, 8, lOt 

354. 
Aniline 241, 365. 
Anorthitc 103. 
Antimonic adds, organic 380. 

chloride, 125, 128, 129. 

„ oiytrichloride, 130. 

„ sulphide 136, 138. 

„ sulphotridiloride, 130. 

„ tetretho-chloridc 125. 
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Antimonious amylide, 128. 

„ anhydride, 130, 131. 

„ argentide, 127. 

„ bromide, 127, 130. 

chloride, 125, 12a 
„ ethide, 128. 
„ fluoride, 130. 

„ hydride, 126. 

„ iodide, 130. 

„ oxide, 130, 131. 
„ ozybromide, 130. 

„ oxyohloride, 129. 

„ oxydiBulphide, 135. 

„ o^odide, 130. 

„ sulphide, 136. 

„ zincide, 128. 

Antimoniuretted hydrogen, 126. 
Antimony, 125. 

„ compound of, with oi^- 
gen and sulphur, 136. 
„ compounds of, with sul- 
phur, 136. 
„ copper gknoe, 137. 
„ ore, grey, 136. 
„ or^icoompoundsof,363 
„ oxides and adds of, 130. 
red, 135. 
Apatite, 119. 
Aquafortis, 61. 
Are, 33. 

Arctic compounds (see Silyer). 
Anoine, 370. 

Aromatic series of adds, 335. 
Arsenic, 119. 

„ adds, organic, 380. 

„ compounds of, with oxygen 

andhydrox^l, 122. 
„ compounds of, with sulphur 

and hydrosulphyl, 124. 
„ organic compounds of, 363. 
„ oxydichlormethide, 380. 
„ oinrtrimethide, 390. 
„ sulphide, 124, 125. 
„ tetrachlormethide, 380. 
„ trimetho-dichloride, 380. 
„ trimethoxide, 380. 
Arsenious chloridoi 120, 121. 
„ hydride, 120. 
„ o:^ba8es, 371. 
„ sulphide, 124. 
Arseniuretted ^drogen, 120. 
Arsines, 363, 370. 
„ salts of, 380. 



Artiads, definition of, 20. 
Atomic combination, 30. 
„ weight, 2. 
„ weights, table of, 6. 
Atomidty, absolute, 21. 

„ actiye, 21. 

M apparent Tariation of, 90. 

„ latent, 21. 

„ law of variation of, 21. 

„ marks, 18. 

„ of elements, 17. 
Atoms, 2. 

Auric compounds (see Gold). 
Aureus compounds (see Gold). 
Azote, 60. 
Azurite, 173. 

Baric carbonate, 157. 

„ chloride, 155. 

„ hydrate, 155, 159. 

„ nitrate, 157. 

„ oxide, 155, 156. 

„ peroxide, 156, 158. 

„ sulphate, 157. 
Barium, 155. 

„ compound of, with hydroxyl, 

„ compounds of, with oxygen. 

Baryta, 156. 

„ caustic, 159. 
Bases, caustic antimony, 377. 
„ caustic arsenic, 377. 
„ caustic nitrogen, 377. 
„ caustic phosphorus, 377. 
„ definition of, 11. 
„ imido^, 365. 
„ organic, 364. 
„ organic, periodides of, 31. 
„ ozyantimonio, 378. 
„ oxyarsenic, 377. 
„ systematic and irreffular names 
of, 11. 
Basic salts, definition of, 13. 
Basylous compound radicals, hy- 
drides of, 232. 
„ elements, 4. 
„ radicals, dyad, 212. 
„ radicals, monad, 207. 
„ radicals, or^ic, 207. 
„ radicals, triad, 220, 
Benzamide, 372. 
Benzene, 238. 
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Benzine, 238. 

Benzoic aeriee of adds, 335. 

Benzol, 237, 238. 

„ ehlorooompoands of, 241. 

„ substitution deriTatiyes of, 
239. 
Benzophenone, 361. 
Benzoyl, hydride of, 295. 
Berthierite, 137. 
Bicarburet of hydrogen, 238. 
Binary compounds, 7. 
Bismuth, 139. 

f, compound of, with chlo- 
rine, 139. 

„ compounds of, with oxy- 
gen and hydroxyl, 140. 

„ oompoundsof, with sulphur, 

„ glance, 144. 
„ ochre, 141. 
„ telluric, 145. 
Bismuthic oxide, 142. 
Biamuthous bromide, 140. 
„ chloride, 139. 
„ dichlorethide, 139. 
„ ditelluro-Bulphide, 145. 
„ ethide, 139. 
„ fluoride, 140. 
„ iodide, 140. 
„ nitrate, 141. 
„ nitrate dihydrate, 141. 

oxide, 139, 140, 141. 
„ oxybromide, 140. 
„ oxychloride, 140. 
„ oxyhydrate, 140, 142. 
„ oinriodide, 140. 
„ sulphide, 144. 
Bismuthylic carbonate, 141. 
Bleaching-powder, 48, 161. 
Blende, manganese, 190. 
Blue copper, 171. 
„ malachite, 173. 
„ Prussian, 227. 
„ Tumbull's, 227. 
Bonds, definition of, 18. 

„ nature of, 25. 
Bone-ash, 107. 
Boracite,55. 
Borates, 55. 
Borax, 55. 
Boric bromide, 53. 
„ chloride, 53. 
„ ethide, 51. 



Boric fluoride, 53. 

,i methide, 386. 

„ nitride, 56. 

„ sulphide, 56. 
Boron, 51. 

„ amorphous, 51. 

„ diamond, 52. 

„ graphitoidal, 52. 
Boulangente, 137. 
Boumonite, 137. 
Bracket, use of^ 16. 
Braunite, 189. 
Brocbantite, 172. 
Bromacetylene, 220. 
Bromates, 90. 
Bromhydrin, 289. 
Bromine, 86. 

„ compounds of, with oxy- 
gen and hydroxy], 88. 
hydrate, 87. 
Brookite, 106. 
Brown hs3matite, 192. 

„ iron ore, compact, 192. 
fibrous, 192. 
Brucme, 370. 
Brucite, 162. 
Buchholzite, 177. 
Butoxyl, 203. 
Butyl, 209. 
Butylane, 213. 
Buiylenic bromide, 288. 
„ chloride, 288. 
Butylic iodide, 271. 
Bulyrone, 360. 

Oacodyl, 371. 

Caoodylic acid, 372, 380, 390. 
„ chloride, 371. 
„ oxide, 371. 
„ trichloride, 380. 
Cadmic chloride, 167. 
„ hydrate, 167. 
„ oxide, 167. 
„ sulphate, 167. 
Cadmium, 167. 
CsBsium, 153. 
Calamine, 165, 166. 

„ electric, 165. 
Calc spar, 160. 
Calcic carbonate, 160. 
„ chloride, 160. 
„ chlorohypochlorite, 161. 
„ dihydrio, dicarbonate, 161. 
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Caloio fluoride, 160. 

,, hydrate, 160, 161. 

„ magnesio dicarbonate, 162. 

„ magnesic disilioate, 103. 

„ metaphoBphate, 107. 

„ oxide, 160, 161. 

„ ozyealphide, 152. 

„ peroxide, 161. 

„ phosphate, 160. 

„ phonphide, 110. 

„ tetranydrio sulphate, 160. 
Oaloimn, 160. 
Capacity, measures of, 33b 
Capillary pyrites, 197. 
CaproYl, 209. 
Caprylene, 213. 
Carbon, 57. 

„ ooDipouads of^ with GxygeiOf 

Carbonates, 58. 
Oarbonio disulphide, 72. 
„ oxide, 58. 
„ oxydichloride, 69. 
„ . tebachloride, 57. 
Carboretted hydrogen, lifht, 234. 
Oaustio antimony bases, 377. 
„ arsenie bases, 377. 
„ baryta, 159. 
„ nitrogen bases, 377. 
„ phosphorus bases, 377. 
„ potash, 147. 
Celesiane, 160. 
Carotene, 214. 
Cervantite, 133. 
Cetene, 214. 
Ghaloedony, 102. 
Chalk, 160. 

Chemical action, modes of, 1. 
„ aflinity,4. 
„ equations, 15. 
„ notation, 14. 
Chemistiy, definition of, 1. 

„ organic, 199. 
Chiastolite, 177. 
Chloracetamide, 372. 
Chloraniline, 376. 
Chlorates, preparation of, 49. 
Chlorfaydrate, ethylenio, 281, 287. 
Chlorhydric acid, 39. 
CblorhTdrin, 282, 289. 
Chloride, methyhc, 285. 

„ of selenium, 84. 
Chlorides, 39. 



Chlorine, 37. 

„ action of, on the radicals 
of the ethylene series, 
214. 
„ compounds of, with oxy- 
^ and hydroxyl, 45. 
„ oxides of, 45. 
Chloro-oompounds of benzol, 241. 
Chloroform, 285. 
Chloronitric gas, 66. 
Chloronitrous gas 66. 
Chloropal, 108. 
Chloropemitrio gas, 66. 
Chlorous dements, 4. 

„ elements, table of^ 4. 
„ organic radicals, 207. 
Chrome iron ore, 186. 

„ potassium alum, 187. 
Ghronmim, 185. 

Chlorochromic acid, 188. 
Chrome iron ore, 186. 
Chromic anhydride, 186. 
„ chloride, 185. 
„ dichlorodioxide, 188. 
„ dioxide, 186. 
„ hydrate, 187. 
„ oxide, 185. 
„ perfluoride, 185, 
Chromium, atomicity of, 185. 

„ compounds of, 185. 

Chromous chloride, 185. 

„ dichromic tetroxide, 

186. 
„ dipotassicdisulphate, 

„ hydrate, 185. 

„ oxide, 185. 

„ sulphide, 188. 
Crocoisite, 187. 
Dichromic ferrous tetroxide, 186. 

„ hexanitrate, 187. 

„ trisulphate, 187. 

„ trisulphide, 188. 
Bihvdricsulphate chromate, 187. 
Biplumbic onromate, 184. 
Dipotassic chromate, 186. 

„ chromous disulphate, 
187. 

„ dichromate, 186. 

„ dichromic tetrasul- 
phate, 187, 

„ tnchromate, 186. 
Normal potassic chromate, 186. 
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GhrominTn (confinuecF), 

Ootochroimc carbonate dihy- 

drate, 187. 
Ferchromic acid, 187. 
Plumbic chromate, 187. 
Potassic bichromate, 186. 
,, chlorochromate, 188. 
,1 terohromate, 186. 
Potassium chrome alum, 187. 
Bed lead ore, 187. 
Sulphochromio acid, 187. 

„ aahjdride, 188* 

Tetrapotassio cu(dux>moeul« 

phate, 187. 
Tnplumbic dichromate, 184. 
Chryson, 101. 
Oimolite, 177. 
Cinchonine, 370. 
Cimiabar, 168. 
Citramide, 375. 

Citryl-triphenyl-triamide, 375. 
Classification of elements, 31. 

„ ^^^S^^^ compounds, 

Clay, porcelain, 177. 

„ porcelain of Pasaau, 177. 
Cobalt, 195. 

Atomicity of cobalt, 195. 
Ck)balt pyrites, 196. 
Cobaltic chloride, 195. 
„ disulphide, 197. 
„ oxide, 195. 
„ oxydihydrate, 196. 
„ sulphide, 196. 
Cobaltoso-diammon-diammonio 
dichloride, 196. 
■ Cobaltous chloride, 195. 

„ dicobaltic tetroxide, 

195. 
„ difaydrie sulphate, 

„ dinitrate, 196. 

„ dipotassic . dioarbo- 

nate, 196. 
„ dipotassic disttlphate, 

,, hydrate, 196. 
„ oxide, 195. 
„ sulphide, 196. 
Compounds of cobalt, 195. 
Dicobaltic hexammon-hexam- 
monic hexaohlo- 
ride. 196. 



Cobalt (eontimed). 

Dioobaltie tetnuEnmoD-hexam- 
monio hflonchlo- 
ride,196. 
BieobaltouB carbonate dihy- 
drate, 196. 
„ oiysulphide, 197. 

Bihydrio oobaltous sulphate, 197 
„ pentaoobaltous dicar- 

bonato tetralnrdrate^ 
196. 
Dipotaasio oobaltous dicaibo- 
nate, 196l 
„ oobaltous disulpliale, 
196. 
Hexacobaltic heptoxide, 195i 
Luteo-cobalt chloride, 196. 
Purpureo-cobalt chloride, 196. 
Boseo-cobalt diloride, 196. 
Codeine, 370. 
Collidine, 367. 
Collyrite, 177. 
Combination, atomic, 30. 

,, molectdar, 30. 

Combining proportions, 2. 
Common soaio phosphate, 119. 
Compound oi^ganic radioabi, 200. 
„ baisylous radicals, by- 

dndes of, 232. 
„ negative radicalst hy- 
drides of, 232. 
„ oxamides, 232. 
,, positive radicaU,hjdrides 

of, 232. 
„ radicals, 26. 
„ radicals, chief inorganic, 

List of, 28. 
„ . radicals, definition of, 27. 
„ radicals, dyad, 27. 
„ radicals, monad, 27. 
„ radicals, symbols of, 2& 
„ radicals, triad, 27. 
„ substances, 1. 
„ of nitrogen with chlorine. 

69. 
„ of nitrogen with iodine 

and hydroeen, 00. 
„ of nitrogen with chlorine 

and oxygen, 66« 
„ of nitrogen witii hydro- 
gen, 67. 
Compounds, 1. 

„ binary, 7. 
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Ck>mpouiid8 of ohlorine with oxfgm 
and hydroxy 4£ 
„ organic, 199. 
„ of carbon with o^gen,57« 
„ oi sulphur with basyloufl 

elements, 70. 
„ of sulphur with poeitiye 
elements, 70. 
Conine, 366. 
Constituents of organic compounds, 

199. 
Copper, 170. 

Ammoniocupric carbonate, 173. 
„ sulphate, 1*3^. 

Atomicity of copper, 170. 
Aznrite, 173. 
Blue copper, 171. 

„ malachite, 173. 
Brochantite, 172. 
Compounds of copper, 170. 
Ck>pper, aoetylide of, 219. 
„ azure, 173. 
„ glance, 171. 
„ pyrites, 194. 
Cupric chloride, 170. 
„ hydrate, 171. 
,f nitrate, 171. 
„ oxide, 171. 
„ phosphide, 109. 
„ sulphide, 171. 
„ Bulphoh^drate, 171. 
Cuprodiammomccarbonate, 173. 
Cuprosoyinylic ether, 219. 
Cuprous chloride, 170. 
„ hydrate, 170. 
„ hydride, 170. 
„ oxide, 171. 
„ quadrantoxide, 171. 
„ sulphide, 171. 
Bicupric carbonate, 172. 

„ carbonate dihydrate, 
172. 
Diferric dicuprio trtrasulphide, 

Dihydric cupric sulphate, 171 . 
„ diiunmonic cuprodi- 
ammonic sulphate, 172. 
., tetracuprio sulphate 

tetrahydrate, l72. 
„ tricuprio dicarbonate, 
173. 
Dioptase, 173. 
Dipotassic cupric disulphate,172. 



Capper (continued). 

Hydricoupriosilicate faydmte,173. 
„ pentacupric sulphate pen- 

tahydrate, 172. 
„ tricuprio sulphate trihy- 
drate, 171. 

Indigo copper, 171. 

Malachite, 172. 

Mountain-blue, 173. 

Mysorin, 172. 

Bed copper ore, 171. 

Ruby^ore, 171. 
Ooquimbite, 194. 
Cream of tartar, 132. 
Crith,34. 

„ use of, 34. 
Croooisite, 187. 

Crystallization, water of, 30, 43. 
Cubic foot, 33. 
Cumol 237. 

Cupric compounds (see Copper). 
Cuprous compounds (see Copper). 
Cyamelide, 228. 
Cyanic hydride, 243. 
C^ranideS) double, 224. 

„ easily decomposable, 225. 

„ single, 224. 
Cyanite, 177. 
Cyanogen, 221, 222. 

„ chlorides of, 227. 
Cymol, 237. 

Dark-red silyer, 137. 
Definition of acids, 8. 

„ acid salts, 13. 

„ anhydrides, 8, 10. 

„ anhydrous acids, 8, 10. 

artiads, 20. 

„ bases, 11. 

„ basic salts, 13. 

„ chemistry, 1. 

„ compound radioals, 27. 

„ d^aas, 20. 

„ dibasic acids, 9. 

haloid salts, 12. 

„ hexads, 20. 

„ hydrates, 11. 

„ monads, 20. 

„ monobasic adds, 9. 

„ neutral salts, 12. 

„ normal salts, 12. 

„ oxysalts, 12. 

„ pentads, 20. 
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Definition of periMads, 20. 

„ polybasic adds, 9. 

,, salts, 12. 

„ Bulpho-saltB, 12. 

tefcrads, 20. 

„ triads, 20. 

DeriTatiTes of glycol, 265. 

„ suDstitation, of benzol, 
239. 
Development of formula, 203. 
Diaoetic glycol, 362. 
Diaoedmide, 373, 376. 
Diaoetin, 362. 

Diaoid alcohols, 244, 245, 262. 
Diadelphic type, 201, 202. 
DiaUcaLunides, 375. 
Diamide, trimercurio, 170. 
Diamides, 374. 

„ oonstitntion of, 374. 

„ formation of primacy, 374. 

„ primary, 374. 

„ secondary, 374. 

„ tertiary, 374. 
Diamines, 364, 367. 

„ formation of, 367. 

„ monadd salts of, 379. 

„ normal salts of, 379. 

„ oiides of, 368. 

„ primary, 368. 

„ secondary, 368. 
tertiary, 36& 
Diamond boron, 52. 
Diarsenious disolphide, 124. 
Diaspore, 176. 
Diatomic molecules, 3, 19. 
Dibasio adds, 337. 

„ adds, anhydrides of, 357. 
„ adds, definition of^ 9. 
„ adds, fumaric or acryloid 
series of, 345. 
Dibismuthic tetroxide, 140. 
Dibismuthons dioxide, 140. 

„ disulphide, 144. 

„ tetrachloride, 140. 

Dibrombenxol, 239. 
Dipadmic sulphate dihydrato, 167. 
Diehloraniline, 376. 
Djchlorbenzol, 241. 
Dichlorethide, bLsmntlious, 139. 
Dichlorhydrin, 282, 289. 
Dichlorinated methylic chloride, 285. 
Diethylamine, 366. 
Diethylated acetone, 360. 



Diethylene triammonic dioiiloride, 
379. 

„ triammonic monoohio- 

ride, 379. 

„ triammonic triofaloride,379. 
Diethyloxamide, 375. 
Digludnic silicate, 102. 
Dimethylamine, 366. 
Dimethvlated acetone, 300. 
Dinitrobenzol, 242. 
Diopside, 103. 
Dioptase, 173. 
Diphenyl-carbonyl-oxaljl dijunidii. 

Disodic disulphate, 77. 
Displaceable hydro|;en, 9. 
Distannic hezethoxide, 390L 
Disulphide, difaismuthoos, 144. 
Ditdhiro-sulphide, bismuthous, 145l 
Dithionatee, 82. 
Dititanic dinitride, 106. 

„ hexBchloride, 106. 
Diziroonic silicate, 102. 
Dodecasodic decaphosphate, 115. 
Dolomite, 162. 
Double cyanides, 224. 

„ monadelphio type, 202, 208. 
Dyad basylous radicals, 212. 

„ compound radicals, 27. 
Dyads, dennition of^ 19. 
Dyad dements, 39, 155. 
I^ads, list of, 32. 
I^ad DodtiTo radicals, haldd etben 

ot 181,287. 

Ebldebyde, 294. 
Electric calamine, 165. 
Blectro-negatiTe elements, 4. 
„ -podtiye dements, 4. 
Elementary molecule, 2. 
Elements, 1. 

„ atomidty of, 17. 

„ basylous, 4. 

„ chlorous, 4. 

„ dilorous, table of, 4. 

„ classification of, 31 . 
dvad, 39. 

„ eiectro-negatiTe, 4. 

„ electro-podtm, 4. 

„ hezad, d9. 

„ monad, 36. ^ 

„ names of, 6, 7* 

„ negative, 4. 
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ElemeniB, pentad, 60. 
„ positiTe, 4. 
,, table of, 6. 
„ tetrad, 57. 
„ triad, 51. 
Sllenbogen, kaolin of, 177. 
Embolito, 154. 
Bmerald, 103. 
Emetic tartar, 132. 
Empirical formul«B, 17. 
Enstatite, 102. 
Epichlorhjdrin, 282, 290. 
Equationa, chemical, 15. 
Ei^thrite, 270. 
Erythrogludn, 270. 
Erythromannite, 270. 
Ether, 274. 
„ allylic, 276. 
„ amylic, 273. 
„ bu^lio, 273. 
„ cuproBOTinylic, 219. 
„ diethoxalic, 386. 
„ diethykted ethylic, 385. 
„ e&ylenic, 277. 
„ ethylic, 274, 272. 
„ ethylic amylic, 273. 
„ ethylic butylic, 273. 
„ glycylic, 279. 
„ methyUc, 274, 272. 
„ methylic amylic, 272. 
„ methylic ethylic, 272. 
„ monoflodaoetic, 304. 
„ phenylic, 276. 
„ stanntriethylic, 388. 
„ Bulphomethylic, 362. 
„ sulphuric, 274. 
„ toluylic, 276. 
Ethers, 272. 

„ formation of, 273. 

„ haloid, 280. 

„ haloid, of the dyad poeitiye 

radicals, 281, 287. 
„ haloid, of l^e monad poeitiye 

radicals, 280, 282. 
„ haloid, of the triad poeitiye 

radicals, 281. 
„ of the diadd aloohols, 272, 

276. 
„ of the methyl series, 272. 
„ of the monacid alchols, 272. 
^ „ of Uie phenyl series, 276. 
* „ of the triacid alcohols, 272, 
279. 



Ethen of the yinyl seriee, 276. 
Ethereal salts, 243, 361. 

„ salts, decomposition of, 362)» 

„ salts, definition of, 361. 

„ salts of diadd alcohols, 362. 

„ salts of dibasic acids, 362. 

„ salts, dibasio adds, add, 
362. 

„ salts, dibasic adds, nea* 
tral,362. 

„ salts, monadd alcohols, 362. 

„ salts, monobasic acids, 362. 

„ salts, triadd alcohols, 362. 

„ salts, tribadc adds, 362. 

„ salts, tribasic adds, add, 
362. 

„ salts, tribado adds, neu- 
tral, 362. 

„ salts, production of^ 361. 
Ethide, antimonious, 128. 

„ boric, 51. 

„ bismuthous, 139. 

„ hypostannic, 387. 

„ lithiomercuric, 391. 

„ lithiozindc, 391. 

„ magnesic, 391. 

„ mercuric, 386. 

„ perplumUc, 388. 

„ potassic, 389. 

„ potassio-zindc, 391. 

„ sodio-dndc, 391. 

„ stannic, 387. 

„ stannous, 387. 

„ tellurium, 390. 

„ zincic, 389. 
Ethobromide, mercuric, 386. 
Ethodiniodide, hypostannic, 387. 
Ethohydrate, mercuric, 387. 
Ethonitrate, mercuric, 391. 
Ethozyl, 203. 
Ethyl, 208, 210. 

„ acetone, 360. 

„ acetyl, 360. 

„ butyral, 360. 

„ propionyl, 360. 

„ urea, 368. 

„ aoetamide, 375. 
Ethylamine, 365. 
Ethylammonic chloride, 378. 
Ethylamylamine, 366. 
Ethylated acetone, 360. 
Ethyl diaoetamide, 375. 
Ethylene, 213. 
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Ethylene oompounds, 214. 

„ diamine, 369. 
Bthylene-diammonic dicbloride, 379. 
„ monoohloride,379. 

Ethylene diethyl diamine, 369. 
,, series, 212. 
„ series of radioals, action 
of chlorine on, 214. 
Bthylenio bromide, 288. 
„ chloride, 287. 

chlorhydrate, 281, 287. 
„ cyanidfe, 289. 
„ dicbloride, 281. 
„ ether, 277. 
„ iodide, 28a 

iodhydrate, 287. 
„ oxide, 277. 
„ oxide, isomers of, 277. 
BthyUo aoetate, 362. 
„ chloride, 286. 
„ diethaoetone carbonate, 360. 
„ disodaoetone carbonate, 359. 
„ el^aoetone carbonate^ 359. 
„ ether, 274. 
„ ethyloztncio diethoTalate, 

„ iodide, 286. 
„ sodaoetone carbonate, 359. 
,, succinate, 362. 
,. sulphhydrate, 251. 
„ sulphide, 276. 
Etbylidene and ethylene, isomerism 
of, S&. 
„ compounds, 215. 
„ oyaxmydrate, 329. 
Ethylochlorether, 385. 
Ethylodimethide, stannic, 387. 
Ethylo-sincic dinitromethjlate, 386. 
„ ethylio diethoxalate, 

386. 
Ethylphenylamine, 366. 

Fahl ore, 137. 

Fatty series of acids, 297. 

„ acids, normal, 298. 

„ acids, secondary, 310. 

„ acids, tertiary, 31 1. 
Feather ore, 137. 
Felspar, 103. 

Feme oompounds (see Iron). 
Ferricyaniae, potassio, 227. 
Ferrocyanide, potassic, 226. 
Ferrous compounds (see Iron). 



Fibrolite, 177. 

Fibrous brown iron ore, 192. 
Fire-damp, 234. 
Flint, 102. 

Fluoride, antimonious, 130. 
„ bismuthous, 140. 
„ boric, 53. 
„ silicic, 100. 
Fluorine, 96. 

„ compound of^ with hydro- 
gen, 97. 
Foot, 33. 

„ cubic, 33. 
Formula, 14. 

„ deyelopment of, 204. 
„ empirical, 17. 
„ graphic, meaning oC 25. 
>f gnphic, of organic com- 
pounds, 205. 
„ rational, 17. 
„ statical and dynamical, 
26. 
Formyl, 220. 
Fowler's solution, 122. 
Francolite, 119. 

Fumaric or aoryloid series of acids, 
345. 
M or acryloid series of adds, 
isomerism in, 345. 

GftlenA, 182. 
Oillon, 33. 
Gas, chloronitric, 66. 
„ cbloronitrouB, 66. 
„ chloTopemitric, 66. 
„ laughing, 64. 
„ phosgene, 59. 
Gaseous phosphoretted hydrogen, 

108. 
Gnultheria prooumbens, oil of^ 249. 
Gibbsite, 175. . 
Glance, bismuth, 144. 
f, iron, 192. 
„ nickel, 196. 
„ silver, 154. 
Glucose, 271. 
Glycerin, 267, 268. 
Glyoocin, 337. 
Glycol, acetobuWric, 266. 
amylic, 262. 
„ bromethylie, 265. 
„ bromhydlrie, 265. 
„ butylic, 262. 
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Glyool, ehlorhjdric, 266, 281, 287. 

„ deriyatiTes of, 266. 

„ diacetio, 266, 362. 

„ diethylenic, 266. 

„ diethjlic, 266. 

„ disodio, 266. 

„ ethyUc, 262, 264. 

„ hexethjlenio, 266. 

„ hydric ethylic, 265. 

„ iodhydrio, 287. 

„ monaoetio, 266, 362. 

„ monosodio, 266. 

„ pentethylenio, 266. 

„ propylic, 262. 

„ sulpnur, 266. 

„ tetrethylenic, 266. 

„ triethylenio, 266. 
GlycoUio aoetobromide, 266. 
Glycols, 2(i2. 

„ polyethylenic 266. 

„ relations of luooinic series 
to, 340. 
Glycolyl, 221. 
Glyoxal, 334. 
Glrozyloid series of dibasio adds, 

CkikL 174. 

Atomicity of gold, 174. 
Auric anhydride, 174, 
„ chloride, 174. 
„ iodide, 174. 
„ oxide, 174. 
„ sulphide, 174. 
Aurous chloride, 174. 
„ iodide, 174. 
„ oxide, 174. 
„ sulphide, 174. 
Compounds of gold, 174. 
Potaadc aurate, 174. 
Grain, 34. 
Gramme, 34. 

Graphic formulas, meaning of, 26. 
„ formulsD of organic com- 
pounds, 206. 
„ notation, 23. 
Graphitoidal boron, 62. 
Green salt of Magnus, 179. 
Greenockite, 167. 
Grey antimony ore, 136. 

„ nickel ore, 198. 
Grossularia, 103. 
Guanite, 163. 
Gypsum, 160. 



H»matite, brown, 192. 

„ red, 192. 
Hair nickel, 197. 

Haloid compounds of oxybases, 363, 
376. 

„ ethers, 280. 

„ ethers of the dyad positiye 
radicals, 281, 287. 

„ ethers of the monad positiye 
radicals, 280. 

„ ethers of the triad positiye 
radicals, 281, 289. 

„ salts, definition of^ 12. 
Hfutean^, 189. 
Hausmamte, 189. 
Heayy spar, 166. 
Helyme, 191. 
Hepar sulphuris, 160. 
Heptylene, 213. 
Heterochne, 191. 
Hexad elements, 69, 186. 
Hexads, definition of, 20. 

„ list of, 32. 
Hexasodic tetraphosphate, 116. 
Hexatomic molecules, 3. 
Hexylene, 213. 
Hom-mercunr, 168. 

„ silyer, 164. 
Hydrate, argentic, 166. 

„ baric, 159. 

„ cadmic, 167. 

„ calcic, 161. 

I, magnesic, 162. 

„ potassic, 147. 

„ sodic, 161. 

„ strontic, 159. 

„ zincic, 166. 
Hydrates, 43. 

„ definition of, 11. 
Hydric oxide, 43. 

„ peroxide, 44. 

„ persulphide, 72. 

„ sulphate, 74. 
Hydride, anylic, 234, 236. 

„ antimonious, 126. 

„ butylic, 234. 

,f caproylic, 234. 

„ cuprous, 170. 

„ cy&mc, 243. 
decatylic, 234. 

„ dodeoatylic, 234. 

„ endecatylic, 234. 
ethylic, 234, 236. 
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Hjdride, beptylio, 234. 
„ hexYlic, 234. 
„ metoylic, 234. 
„ ' nonjlio, 234. 
„ ootylio, 234. 

oxatylic, 243. 
„ pentadecatylic, 234. 
„ pentylic, 234. 
„ phenjlio, 238. 
„ propyiio, 234. 
„ mlicic, 99. 
„ tetrodecatTliCi 234. 

UHsrjUc, 234. 
„ tridecatyiio, 234. 
tritylic, 234. 
HydrideB of compound basyloiu n- 
dicalB, 232. 
,, of compound negfiJdYe n* 

dicftlB, 232, 243. 
„ of compound podtiTO ra- 
dicals, 232. 
t, of the radicals of the me- 
thyl series, 232. 
„ of the radicals of the phe- 
^nyl series, 237. 
Hydrochloric add, 39. 

glycide, 282. 
Hydrodiniodide, nitrous, 69. 
Hydrogen, 36. 

bicarburet of, 238. 
„ compounds o^ with nitro- 
gen, 67. 
„ displaceable, 9. 
„ sulphuretted, 71. 
Hydrosulphate of ethyl, 251. 
Hydroeulphyl, 28, 72. 
Hydroxyl 28, 44. 
Hyperoxide, chloric, 45. 
Hypochlorites, 48. 
Hypodilorous anhydride, 46. 
Hypostannic ethide, 392. 

„ ethodiiodide, 392. 

Hyposulphites, 81. 

Imides, 363, 376. 

„ general formula of, 376. 
Imidogen bases, 365. 
Indigo copper, 171. 
Inorganic compound radicals, chief, 

list of, 28. 
Introduction to organic chemistry, 

199. 
Iodates,95. 



Iodides, aatimoniocis, ISO. 
„ bismuthous, 140. 
lochde, phosphonic, 107i 109. 
Iodine, 90. 

„ compounds of, with luygeii 
and hydioxyl, 93. 
lodhydric elyoof, 287. 
lododiethide, stannic, 387. 
lodotriethide, stannic, 387. 
Iron, 192. 

Atomicity of iron, 192. 
Brown hnmatite, 192. 
„ iron ore, 193. 
Chrome iron ore, 186. 
Compact brown iron ore, 192. 
Compounds of iron, 192. 
Copper pyrites, 194. 
Coauimbite, 194. 
IHcnromic ferrous tetroxide, 

186. 
Diferric dicupiio telzBsalpbide, 
194. 
„ diozT-dihydrate, 193. 
„ hezah^drate, 192. 
„ hezamtrate, 194. 
„ ozy-tetrahydraie, 193. 
,. tnsulphate, 194. 
„ trisulphide, 194. 
Diferrous sulphide, 193L 
Dipotftssic diferric tetrasolphate, 
194. 
„ ferrous disulphale, 
194. 
Ferric chloride, 192. 
„ disulphide, 193. 
„ oxide, 192. 
„ trisilicate, 103. 
Eerrous carbonate, 195. 
„ chloride, 192. 
„ dichromic tetrazide, 

186. 
„ diferric tetrozide, 198w 
„ dipotsflsio disulphate, 

hTdm^ 192. 
„ nitrate, 195. 
„ ozide, 192. 
„ sulphate, 194. 
„ sulphide, 193. 

Fibrous brown iron-ore^ 192. 

Heptaferric octosulphide, 195. 

H^ahydric diferric diphos- 
phate dihydrate, 194.; 
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Irosi {coniinuect). 
Iron glunoe, 192. 
micaceous, 192. 
ore, brown, 193. 
ore, compact brown, 192. 
ore, fibrous brown, 192. 
ore, mafnetie, 193. 
ore, nerale, 193. 
ore, spathic, 195. 
potassium alum, 194. 
pyrites, 193. 
specular, 192. 
Magnetic iron ore, 193. 
„ pyrites, 195. 
Martial pyrites, 193. 
Micaceous iron, 192. 
Needle iron ore, 193. 
Octoferrous sulphide, 193. 
Oligist^ 192. 
Potassic ferrate, 193. 
Potassium iron alum, 194. 
Bed hsematite, 192. 
Spathic iron ore, 195. 
Sjpecular iron, 192. 
Tetraferric sulphate, 194. 

„ trioxyhexahydrate, 

lt«2. 
Tetrahydric tetraferric sulphate 

octohydrate, 194. 
Triferric tetroxide, 19a 
Vitriol ochre, 194. 
Irregular names, 8, 11. 

„ names of bases, 11. 
Isomeric forms of Talerio add, 

309. 
Isomerism of ethylene and ethyli- 
dene, 328, 346. 
„ in the lactic series, 325. 

Isomerism in fumario or acryloid 

series, 345. 
Isopropylic alcohol, 253. 
„ iodide, 268. 

Kaolin of Ellenbogen, 177. 
Ketones, 357. 

„ formation of, 358. 

„ isomerism of, 360. 

„ list of, 360. 

„ of the Ctjaisn-7 series, 361. 
KobeUite, 145. 
Kupfemickel, 198. 

I^lMKulorite, 103. 



Lactic series of acids, relations of, to 
acetic series, 324. 
„ series of acids, relations of, to 

acrylic series, 324. 
„ series of acids, relations of suc- 
cinic series to, 340. 
Lactide, 3o7, 

Lactoid series of dibasic acids, 349. 
Lactyl, 221. 
Lanarkite, 184. 
Latent atomicity, 21, 
Laughing gas, 64. 
Law of volumes, 3. 
180. 
Basic hyponitrate of lead, 183. 
Crocoisite, 187. 

Dihydric diplumbic nitrate hy- 
drate, 183. 
„ diplumbic nitrate ni- 

trita, 183. 
„ triplumbic dicarbo- 
nate, 184. 
Diplumbic chromate, 184. 

„ nitrite hydrate, 182. 
„ oxychlorohydrate, 

182. 
„ oxydiohloride, 181. 
„ oxydihydrate, 181. 
„ sulphate carbonate, 

184. 
„ sulphodichloride, 

182. 
„ trioxide, 181. 
Dipotassio plumbate, 184. 
Galena, 182. 

Hydric plumbic nitrate, 183. 
Lanarkite, 184. 
Lead, atomiiity of, 180. 
„ compounds of, 180. 
„ spar, 183. 
„ vitriol, 182. 
Leadhillite, 184. 
Litharge, 181. 
Matlockite, 181. 
Mendipite, 182. 
Octoplumbic heptoxydicfaloridei 

Perplumbic chlorotriethide, 
388. 
„ ethide, 388. 

„ triethohydrate, 388. 

Plattnerite, 181. 
Plumbic carbonate, 183. 
T 
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Le^ (caniinued). 

Flumbio chloride, 180. 
tt chlorohydrate, 181. 
„ chromata, 187. 
„ dinitarate, 183. 
„ dinitrite, 182. 
hydrate, 181. 
„ nitrite hydrate, 182. 
„ oxide, 181. 
1, peroxide, 181. 
„ sulphate, 182. 
„ sulphide, 182. 
Plumbous oxide, 181. 
Bed lead, 181. 

„ ore, 187. 

Tetraplumbio pentoxide, 181. 
„ tricarbonate sul- 

phate, 184. 
Triplumbio dichromate, 184. 
„ dihydrate dioarbo- 

nate, 184. 
„ oxydichloride, 182. 

„ tetroxide, 181. 

White lead ore, 183. 
Lead, basic hvponitrate of, 183. 
„ ore, red, 187. 
„ ore, white, 183, 
„ spar, 183. 
„ vitriol, 182. 
LeadhiUite, 184. 
Lead, led, 181. 
Lenelh, measures of, 33. 
Lepidolite, 178. 
Letters, thick, use of, 16. 
Leucin, 332. 
Leukon, 101. 

Light carburetted hydrogen, 234. 
Lime, chloride of, ^, 161. 

„ slaked, 161. 
Liquid phosphoretted hydrogen, 108, 

List of dyads, 32. 

„ hexads, 32. 

„ monads, 32. 

„ pentads, 32. 

„ tetrads, 32. 

„ triads, 32. 
Litre, 33. 
Lithia, 152. 
Litharge, 181. 
Lithio chloride, 152. 

„ hydrate, 152. 
Idthiomercuric ethide, 391. 



Lithiodncic ethide, 391. 
Lithium, 152. 
Liyer of sulphur, 150. 
Luteo-oobalt chloride, 196. 
Lutidine, 367. 

Magnesia, 162. 

alba, 16L 
Mftgnesio aluminata (SpintUe), 
176. 

„ carbonate, 163. 

„ diloride, 162. 

„ ethide, 391. 

„ hydrate, 162. 

„ oxide, 162. 

„ sulphate, 162. 
Hagnente, 163. 
Magnesium, 162. 
Magnetic iron ore, 193. 

„ pyrites, 196. 
Magnus, green salt of, 179. 
MaLchite, 172. 

„ blue, 173. 
Malic series of aoids, 349. 
Malonyl, 221. 
Malihacite, 17^ 
Manganese, 188. 

Aluminio manfianoos diaflicale, 

„ manganous tetnsul- 
phate, 190. 
Atomicity of manganese^ 188. 
Braunite, 189. 
Compounds of manganese, 

Dihydric dimanganic silicate di- 
hydrate, 191. 
„ dimanganous diphos- 
phate, 191. 
„ manganous sulphate, 
190. 
Dimanganic di(^dihydrate, 

„ hexacfaloride, 188. 

„ trioxide^ 189. 

„ trisuli^te, 190. 

Dimanganous silicate, 191. 
Dipotassic dimanganic tetruul- 
phate, 19a 
„ mangatiate, 169. 
„ manganous disul- 

phate, 190. 
„ permanganate, 190. 
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TVfaTtgftTiese {emUinue^. 

Disulphopotassio trimanganous 

disulphide, 190. 
Hartmangan, 189. 
Hausmanite, 189. 
HelTine, 191. 
Heterooline, 191. 
Hexmonganio mooosilioate, 191. 
Manganese aluminium alum, 
190. 
„ blende, 190. 

„ potasfflum alum, 

190. 
„ • silioiferoufl, 191. 
„ spar, 190. 

Manganic chloride, 188. 
„ oxide, 189. 
„ perfluoride, 188. 
Manganite, 189. 
Manganoufl aluminic disilicate, 
191. 
„ chloride, 188. 

„ aluminic tetrasul- 

phate, 190. 
„ carbonate, 190. 

„ dihydric sulphate, 

190. 
„ dimanganio tetroz- 

ide, 189. 
„ dimanganic tetrox- 

idedihjdrate,189. 
„ dipotassic disul- 

phate, 190. 
„ hydrate, 188. 

„ oxide, 189. 

„ silicate, 191. 

„ sulphide, 190. 

Potassium manganese alum, 

190. 
Psilomelane, 189. 
Pyrolusite, 189. 
Bed manganese, 191. 
Bothbraunsteinerz, 191. 
Bother Mangankiesel, 191. 
Siliciferous manganese, 191. 
Schwarzer Mangankiesel, 191. 
Tephroite, 191. 
Tnelucinic tetramanganous tri- 

suicate sulphide, 191. 
Trimanganic tetroxide, 189. 
Varricite, 189. 
Manganese aluminium alum, 190. 
„ blende, 190. 



Manganese potassium alum, 190. 
„ red, 191. 
„ roar, 190. 
Manganite, 189. 
Mannite, 271. 

Manufacture of nitric acid, 62. 
Marble, 160. 
Marks of atomicity, 18. 
Marah-gas, 234. 

„ series, hydrides of, 

232 
type, 201. 
Martial pyrites, 193. 
Matlockite, 181. 
Meadow-sweet, oil of, 336. 
Measures of capacity, 33. 
„ lenffth, 33. 

„ surface, 33. 

„ weight, 34. 

Measures, weights and, 32. 
Meerschaum, 103. 
Melcne, 214. 
Mendipite, 182. 
Mendius's reaction, 248. 
Mercaptan, 251. 
Mexcury, 168. 
Cinnabar, 168. 
Dihydric trimercurio dinitrate, 

169. 
Dimercurous dinitrate, 169. 
Hexahydric trimercurous tetra- 

nitrate, 169. 
Horn-mercury, 168. 
Mercurous tetrahydrio dinitrate, 

169. 
Mercurammonic chloride, 170. 
Mercuric amylide, 384. 
„ chloride, 168. 

ethide, 386. 
„ ethobromide, 386. 
„ ethohydrate, .387. 
„ ethonitrate, ."^l. 
„ iodoethide, 389. 
„ methide, 387. 
„ methiodide, 387. 
„ methohydrate, 387. 
„ oxide, 168. 
„ sulphate, 168. 
„ sulphide, 168. 
Merourosodiammonio dichlo- 

ride, 169. 
Mercurosomercuro-diammonic 
dichloride, 170. 
t2 
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Merctiry (conitnve^ 

Mercurvus chloride, 168. 

yin, dimercuricdinitTate, 

169. 
„ .. oxide, 168. 
„ -sulphate, 168. 
'sulphide, 168. 
Methohjdrate, merourio, 387. 
Organo-mercurie oompounds, 

382, 386. 380. 
Tetrahydrio dimerouric dini- 
trate, 169. 
y, merourio dinitrate, 

169. 
,, mercurouB dini* 

tmte, 169. 
Tetramerourio carbonate. 169. 
Trimercuric carbonate, 169. 
t, diamide, 170. 

„ sulphate, 168. 

Turpeth mineral, 168. 
Vermilion, 168. 
White precipitate, 170. 
Metaborio acid, 54. 
Metaldehyde, 294. 
MetolloicU, 6. 

„ names of, 6. 

Metals, 6. 

Metaphosphates, 117. 
Metastannic acid, 106. 
Metasulphuitimonites, 137. 
Metasulphantimonite^ sulpharsen- 
tic, 137. 
„ Bolphoou- 

prous, 137. 
„ snlpbofer- 

rous, 137. 
It snlphoplum- 

bic, 137. 
Methide, aluminio, 389. 
boric, 386. 
mercuric, 391. 
potassio>zincic, 391. 
tellurium. 391. 
zincio, 386, 391. 
Methozyl, 203. 
Methyl, 208. 
Methyl acetone, 360. 
„ benzone, 361. 
„ benzoyl, 361. 
„ series, hydrides of the radi- 
cals of, 232. 
,1 series of alcohols, 245, 246. 



Meihyl series, normal alcohols of, 
245,246. 
„ series, secondary aloohola of, 

245,252. 
,t series, tertiaiT aloohola of, 

245,254. 
„ series, normal radieala oC 

207.208. 
„ aeries, prepuatioaofnonnal 

radicals of, 209. 
„ series, seoondur radicals of, 

208. 
„ series, tertiair radicals d, 

208. * 

„ type, 201. 
▼aleraL 360. 
Methylamine, 365. 
Methylated acetone, 360. 
Methylenic chloride, 287. 

iodide. 287. 
Methylethylamine, 366. 
Methylethyl-phenylamine, 367. 
Methylic chloride! 285. 

„ diloridt', didilorinated, 

286. 
„ chloride, monochlorinated, 

285. 
„ chloride, trichlorinated, 

285. 
„ made (MetfyUcgiker), 214, 
Metre, 33. 

Micaceous iron, 192. 
Miloschine, 177. 
Modes of diemical action, 1. 
Molecular combination, 30. 
„ union, 30. 
„ volume, 2. 
„ Tolumes, taUe of, 3. 
weight, 2. 
Molecules, 2. 

„ diatomic, 3, 19. 
„ elementary, 2. 
„ hexatomie, 3. 
„ monatomic, 3, 19. 
„ tetratomic, 3. 
„ triatomic, 3, 19. 
Monacetic glycol, 362. 
Monacetin. 3*62. 
Monacid alcohohs 244, 245. 
„ alcohols, secondary, 252. 
„ alcohols, tertiary, 254. 
„ alcohols, nomaal, of the 
phenyl series, 258, 260. 
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Monadd alcohols of the phenyl 
series, 258. 
„ alcohols of the Tinyl series, 
256. 
Monad hasjlous radicals, 207. 
„ compound radicals, 27. 
„ elements, 145, 36. 
», positire radicals, haloid 
ethers of, 280, 282. 
Monadelphic type, 201, 202. 
Monads, definition of, 20. 

list of, 32. 
Monalkalamides, 375. 
Monamides, 372. 

„ formation of primary, 

373. 
„ primary, 372. 
„ reactions of primary, 

373. 
„ secondary, 373. 
„ tertiary, 374. 
Monamines, 364. 

„ formation of primary, 

364. 
„ formation of secondary, 

366. 
„ formation of tertiary, 

366. 
„ methyl seriesof primary, 

„ phenyl series of pri- 
mary, 364. 

„ methyl series of secon- 
dary, 366. 

„ phenyl series of secon- 
dary, 366. 

„ primary, 364. 

„ reaction of primary, 
366. 

„ recognition of primary, 
367. 

„ recognitionofsecondary, 



„ recognition of tertiary, 

„ secondary. 364, 366. ^ 

tertiary, 364, 366. 
„ vinyl series of primary, 

„ Tinyl series of secondaiy, 
366. 
Monatomic molecules, 3, 19. 
Monobasic acids, anhydrides of, 356. 



Monobasic adds, definition of, 9. 

„ boric acid, 64. 

„ organic acids, 296. 
Monobrombenzol, 239. 
Monochlorbenzol, 241. 
Monochiorhydrin, 269. 
Monoohlorinated methylio chloride, 
286. 
„ propylic glycol, 

269. 
Monomagnesic silicate, 102. 
Monomethylarsenic acid, 380, 390. 
Morphine, 370. 
Mountain-blue, 173. 
Muriatic acid, 39. 
Miargyrite, 137. 
Mysorm, 172. 

Names of bases, systematio and 
irregular, 8, 11. 
„ of elements, 6, 7. 
», irregular, 8, 11. 
„ systematic, 8, 11. 
„ trivial, 8, 11. 
Narceine, 370. 
Narcotine, 370. 
Natural alkaloids, 370. 
Needle iron ore, 193. 
Needle ore, 146. 
Negative elements, 4. 

„ compound radicals, hy 

dndes of, 232, 243. 
„ organic radicals, 207. 
Nickel, 197. 

Capillary pyrites, 197. 
Dihydric nickelous sulphate, 
197. 
M pentanickelous dicar- 
bonate tetrahy- 
drate, 198. 
Binickelous sulphide, 197. 
Dipotassio nickelous disulphate, 
198. 
„ nickelous tricarbo- 
nate, 198. 
Grey nickel ore, 198. 
Hair nickel, 197. 
Kupfemickel, 198. 
Nickel glance, 198. 
Nickelic disulphide, 197. 
„ hydrate, 197. 
„ oxide, 197. 
„ tetrarsenide, 198. 

t8 
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Nickel (continued). 

Nickeloiu chloride, 197. 
„ dianenide, 198. 
„ dihjdrio sulphate, 

197. 
„ dinitrate, 198. 
„ dipotaaaio disulphata, 

198. 
„ dipotassic trioarho- 

nate, 198. 
„ hydrate, 197. 
„ oxide, 197. 
„ sulphide, 197. 
„ sulphide dianenide, 
198, 
Nicotine, 370. 
NitraniUne, 242. 
Nitrates, 62. 
Nitric oxide, 61, 65. 
„ peroxide. 65. 
Nitride, boric, 56. 
Nitrides, general formula of, 376. 

„ negative, 376. 
Nitrites, 6i. 
Nitrobenzol, 238, 241. 
Nitrocumol, 238. 
Nitrocymol, 238. 
Nitrogen, 60. 

„ caustic bases of, 377. 

„ compounds of triad, and 

its analogues, 363. 
„ compound of, with chlo- 
rine, 69. 
„ compounds of, with chlo- 
rine and oxTgen, 66. 
„ compounds o^ with hydro- 
gen, 67. 
„ compound of, with hydro- 
gen and iodine, 69. 
„ compounds of pentad, and 

its analogues, 377. 
„ organic compounds of, 363. 
„ oxides and oxacids of, 61. 
Nitrotoluol, 238. 
Nitrous chloride, 69. 

„ hydrodiniodide, 69. 
„ oxide, 61, 6k 
Nitroxylol, 238. 
Nomenclature, 5. 

„ of acids, 9. 

Non-metals, 6. 

„ names of, 6. 

Nonylene, 214. 



Nonnal acids, 297. 

„ acids of the aoylic series, 

312. 
„ acids of Ihe lactic series, 317. 
„ fatty aads, 298. 
„ monacid alcohols of phenyl 

series, 258, 26a 
„ olefine adds of the lactic 

series, 321. 
„ radicals of methyl senee, 

207.208. 
„ radioils of methyl series, 

J preparation of, 209. 
ts, 12. 
„ salts of amines, 379. 
Notation, 14. 

„ chemical, 14. 

„ graphic, 2a 

„ symbolic^ 14. 

M m organic compounds, 201 . 

Ochre, bismuth. 141« 

„ vitriol. 194. 
Ootylene, 213. 
(Enanthylene, 213. 
Oil of bitter ahnonds, 295. 
„ of Qaultheria procumbena, 249. 
Okenite, 103. 
Oleane t^rpe, 202. 
Oleic series of acids, 312. 
Oligist. 192. 
Opal, 102. 
Organic antimonic acids. 380. 

„ arsenic acids, 380. 

„ arsenic chlorides, 380. 

„ arsenic oxychlorides, 3801 

„ bases, 364. 

„ bases, periodides of, 31. 

„ chemisb>y, 199. 

„ compouiids, 199. 

„ compounds, classification 
0^206. 

„ compounds, graphic foi^ 
muhe of; 20^. 

„ compounds, notation of, 
201. 

„ radicals, 200, 207. 

„ radicals, basylous, 207. 

„ radicals, chlorous, 207, 221. 

„ radicals, negative, 207, 221. 

„ radicals, positive, 207. 
Organo-aluminio compounds, 389. 

„ antimony compounds, 390. 
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Organo-anenio oompoundi, 390. 
„ bismuth compounds, 390. 
., cadmium compounds, 389. 
„ lead compounds, 388. 
M magnesium compounds, 

389. 
„ mercury compounds, 386. 
potassium compounds, 384. 
sodium compounds, 384. 
tellurium compounds, 388. 
tin compounds, 387. 
zinc compounds, 384, 389. 
Organometallic bodies, 381. 

„ bodies, constitution 

of, 388. 
„ bodies, definition of^ 

381. 
„ bodies, fonnation of, 

382. 
„ bodies, reactions of, 

384. 
„ bodies, types of, 389. 

Orthose, 103. 

Orthoeulphantimonites, 137. 
Ounce, 34. 

Oxacids of nitrogen, 61. 
Oxalates, 230. 
Oxamide, 231, 374. 
Oxamides, compound, 232. 
Oiatyl, 221, 2*. 
Oxatylio hydride, 243. 
Oxide, antimonious, 130, 131. 
„ bismuthic, 142. 
„ bismuthous, 139, 140, 141. 
„ carbonic, 68. 
„ chloric, 45. 
„ hydric, 43. 
„ byperchlorons, 45. 
„ nitric, 61, 66. 
„ nitrous, 61, 64. 
Oxides of antimony, 130. 
„ of chlorine, 45. 
„ of nitrogen, 61. 
Oxyantimonio bases, 378. 

bases, salts of; 380. 
Oxyarsenio bases, 377. 

bases, salts of, 380 
Oxybases, 363, 371. 
„ arsenious, 371. 
„ haloid compounds of, 363, 
376. 
Oxygen, 39. 

„ allotropic, 41. 



Oxygen compounds of carbon, 57. 
Oxysalts, definition of; 12. 
Ozone, 41. 

Papayerine, 370. 
Paraffin, 237. 
Paraldehyde, 294. 
Paramylene, 214. 
Parvoline, 367. 
Passau, porcelain clay of, 177. 
Pentad elements, 60, 107. 
Pentads, 32. 

„ definition of, 20. 
Peridote, 102. 
Periodates, 96. 
Perissads,20. 
Petalite, 176. 
Phenacite, 102. 
Phenyl, 212. 

series, ethers of, 276. 
series, hydrides of the radi- 
cals of, 237. 
series, monadd alcohols of, 

268. 
series, normal monadd alco- 
hols of, 258. 
series, radicals of, 211. 
series, secondary alcohols of, 
259,260. 
Phenylamine, 365. 
Phenylene series, 220. 
Phenylic hydride. 23a 

iodide, 280. 
Phosgene gas, 59. 
Phosphate, triple, 119. 
Phosphates, 119. 
Phosphines, 363, 370. 

salts of, 380. 
Phosphonic iodide, 107, 109. 
Phoephoretted hydrogen, gaseous, 
108. 
„ bydroeen, liquid, 108, 

,, hydrogen, solid, 108, 

110. 
Phosphoric chloride, 107, 111. 

„ oxTtrichloride, 112. 

„ sulphotrichloride, 113. 
Phosphorite, 160. 
Phosphorous trichloride, 107, 111. 

„ trihydride, 107. 

Phosphorus, 107. 

„ allotropic 106. 
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Phoephorua, amorphous, 106. 

„ oompoundfl of, with oxy- 

gen and hydrozyl, 

„ manufacture of, 107. 

„ organic compounds of, 

S63. 
„ red, 106. 

Phycite, 270. 
Picoline, 367. 
Piperidine, 366. 
Platinum, 178. 

Diplatoeammonio oxide, 180. 
Groen aalt of Magnus, 179. 
Platinic chloride, 179. 
„ hydrate, 179. 
„ oxide, 179. 
sulphide, 180. 
Platinoso-diammon diammo- 

nium dihydrate, 180. 
Platinoflo-diammonio dichlo- 

ride, 179. 
Platinoua chloride, 179. 
„ hydrate, 179. 
„ oxide, 179. 
„ sulphide, 180. 
Platinum, atomicity of, 178. 

„ compounds of, 179. 
White compound of Beiset, 179. 
Plattnerite, 181. 

Plumbic compounds (see Lead). 
Plumbous compounds (see Lead). 
Polyacid alcohols, 270. 
Polybasic acids, definition of, 9. 
Porcelain clay, 177. 

„ of Paasau, 177. 

PositiTe elements, 4. 
Potash, 147. 

„ caustic, 147. 
Potawdum, 145. 

Dipotassic alimiinate, 176. 
„ aluminichexasilioate, 

103. 
„ chromate, 186. 

„ chromousdisulphate, 

187. 
„ oobaltous dicarbo- 

nate, 196. 
„ cobaltous disulphate, 

196. 
„ cupric disulphate, 

172. 
ft dichromate, 186. 



Potaasivin (eoniinued), 

Dipotassic dichromic tetrasul- 
phate, 187. 
„ diferric tetrBSol- 

phate, 194. 
„ disulphide, 149. 
„ ferrous disulphate, 

194. 
„ heptasulphide, 149. 
, , nickelous disulphate, 

198. 
„ nickelous tricarbo- 

nate, 198. 
„ pentasulphide, 149, 

150. 
„ plumbate, 184. 
„ sulphide, 149. 
„ tetrasnlphide, 149. 

„ trichromate, 186. 

„ trisulphide, 149. 

150. 
Hydric potaseic tartrate, 132. 
„ sodic potassic phos- 
phate, 119. 
Normal potassic chromate, 186. 
Potassic antimonylio tartrate, 
132. 
aurate, 174 
bichromate, 186. 
carbonate, 151. 
chloride, 145, 147. 
chlorochromate, 188. 
chromate, normal, 186i 
ethide, 389. 
dioxide, 148. 
ferrate, 193. 
ferricyanide, 227. 
ferrocyanide, 226. 
fluoriae, 147. 
hydrate, 145, 147. 
icxUde, 145, 147. 
oxide, 148. 

perchlorate, prepara- 
tion o^ 50. 
peroxide, 149. 
sulphide, 145. 
sulphocarbonate, 73. 
sulphocyanate, 228. 
Bulphhydrate, 149. 
terchromate, 186. 
tetroxide, 148, 149. 
Potassionncic ethide, di91. 
Potassiozincic methide, 391. 
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Potassimn (continued). 

Potassium chrome alum, 187. 
„ compounds of, 147. 
„ compounds of, with 

bromine, 147. 
„ compounds of, with 

chlorine, 147. 
„ compounds of, with 

fluorine, 147. 
„ compound of, with 

hydrosulphyl,149. 
„ compotmd of, with 

iodine, 147. 
„ compounds of, with 

oxygen, 148. 
„ compounds of^ with 

sulphur, 149. 
„ iron alum, 194. 
„ manganese alum, 190. 
Tetrapotassic dichromosulphate, 

Potassozyl, 28. 

Positiye compound radicals, hydrides 
of, 232. 
„ dyad radicals, haloid ethers 

of, 281, 287. 
„ monad radicals, haloid ethers 

of, 280, 282. 
„ organic radicals, 207. 
„ triad radicals, haloid ethers 
of, 281. 
Powder, bleaching, 48. 
Prehnite, 176. 
Propione, 360. 
Proportion, combining, 2. 
Propo^l, 203. 
Propyl, 208. 
Propylene, 213. 
Propylenio bromide, 288. 
chloride. 288. 
iodide, 288. 
Propylio glycol, monochlorinated, 

Propylio iodide, 280. 
Proustite. 125. 
Fruseian blue, 227. 
Peeudorcin, 270. 
Psiloraelane, 189. 
Purpureo-cobalt chloride, 196. 
Pyridine, 367. 
Pyrites, capillary, 197. 
cobalt, 196. 
„ copper, 194. 



Pyrites, iron, 193. 

„ magnetic, 195. 

„ martial, 193. 
Pyrolnsite, 189. 
Pyromorphite, 119. 
Pyrophosphates, 118. 
PyrophyDite, 103. 
Pyrosulphantimonites, 187. 
Pyroxylic spirit, 249. 

Quadrantoxide, cuprous, 171. 
Quartz, 102. 
Quicklime, 161. 
Quinine, 370. 

Badicals, acetylene series of, 217. 

„ compound, 26. 

„ compound basylous, hy- 
drides of, 232. 

„ compound,chiefinorganic, 
list of, 28. 

„ compound, chief inorganic, 
symbols of, 28. 

„ compound, definition of, 
27. 

„ compound, dyad, 27. 

„ compound, monad, 22. 

„ compound, triad, 27. 

„ dyaa basylous, 212. 

„ dyad, relations of succinic 
series to, 340. 

,, haloid ethers of the dyad 
positive, 287, 281. 

„ haloid ethers of the monad 
positiTC, 280, 282. 

„ haloid ethers of the triad 
positiTC, 281. 

„ hydrides of positiYe com- 
pound, 232. 

„ monad basylous, 207. 

„ monad, rmtions of, to 
fatty acids, 302. 
negatiTC, hydrides of, 232, 



normal, of the methyl se- 
ries, 207, 208. 

normal, of the methyl se- 
ries, preparation oi, 209. 

of the phenyl series, 211. 

of the phenyl series, hy- 
drides of, 237. 

of the vinyl series, 210. 

organic, 200. 
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Badioak, aeoondary, of the methyl 
eeries, 208. 
„ simple, 26. 
„ tertiary, of the methyl se- 

riea,208. 
„ triad basylous, 220. 
Rational formulie. 17. 
Bazoumoffskin, 178. 
Bealgar, 124. 
Bed antimony, 135. 

„ oopper ore, 171. 

„ hiematite, 192. 

„ lead, 181. 

„ lead ore, 187. 

„ manganeee, 191. 

„ phosphorua, 106. 

„ silrer ore, 154. 

„ zinc, 164. 

Beiflet, white compound of, 179. 
Bock-crygtal, 102. 
Boseo-oobalt chloride, 196. 
Bothbraunsteinerz. 191. 
Bother Mangankiesel, 191. 
Bubidium, 153. 
Buby ore, 171. 
ButOe, 106. 

Salt oake. 152. 
Salts, acid, definition of, 13. 
„ ammonic, 67. 
„ basic, definition of, 13. 
„ definition of, 12. 
„ ethereal, 243, 361. 
„ haloid, definition of, 12. 
„ neutral, definition of, 12. 
I, normal, definition of, 12. 
„ OIT-, definition of, 12. 
„ Bulpho-, definition of, 12. 
Sand, 102. 
Saponite, 178. 
Scheele's green, 122. 
Schwarzer Mangonkiesel, 191. 
Sohweinfurt preen, 123. 
Secondary alcohols of the phenyl 
series, 259, 260. 
„ monacid alcohols, 252. 

„ radicals of the methyl 

series, 208. 
Selenite, 160. 
Selenium, 84. 

„ chlorides of, 84. 

„ compounds of, with oxy- 

gen and hydroxyl, 85. 



Seleniuretted hydrogen, 84. 
Senarmontite, 131. 
Serpentine, 103. 
Signs, use oC 16. 
smites, 102. 

Aluminic calcic disilicate. 103. 
„ calcic trisiUcate. 1C>3. 
„ triealoic trisilicate, 103. 
Anorthite, 103. 

Calcic magnesic disilicate, 103. 
Chloropal, 103. 
Diglucinic silicate, 102. 
Dihydric aluminic tetrasilieate, 
103. 
„ trimagnesio disQicate, 
103. 
Dimaenesic silicate, 102. 
Diopside, 103. 
DioptBse, 173. 
Dipotassio aluminic hexasilicate, 

103. 
Dizincio aluminic hexasilicate. 

102. 
Dizirconic aluminic hexasilicate, 

102. 
Emerald, 103. 
Enstatite, 102. 
FeLspar. 103. 
Feme trisilicate, 103w 
Grossularia, 103. 
Hydric cupric silicate hydrate, 

17a 
Labradorite, 103. 
Meerschaum, 103. 
Monomagn»dc silicate, 102. 
Okenite, 103. 
Orthose, 103. 
Feridote, 102. 
Phenacite, 102. 
Fyrophyllite. 103. 
Serpentine, 103. 
Steatite, 103. 
Talc, 103. 
Tetrahydrio calcic disilicate, 

loa 

„ dimagnesic trisi- 

licate, 103u 
Tetramagnesic pentaailicate, 

103. 
Triglucinic aluminic hexasili- 
cate, 103. 
Trimagnesic tetrasilieate. 103. 
WiUemite, 102 



INDEX. 



419 



Sllic&tdS (continued). 

Zircon, 102. 
Silicic bromide, 100. 
,, chloride, 99. 
„ ethide, 385. 
„ fluoride, 100. 
„ hydride, 99. 
„ sulphide, 104. 
Siliciferous manganeee, 191. 
Silicium, 97. 
Silicon, 97. 

„ adamantine, 98. 
„ amorphous, 97. 
„ compounds of, with oiygen 

and hydro^l, 101. 
„ graphitoidal, 98. 
Sillimanite, 177. 
Simple radicals, 26. 
„ substances, 1. 
Silvtt, 154. 

Argentic chloride, 154, 155. 
„ hydrate, 155. 
„ iodide, 154, 155. 
,, nitrate, 154. 
,, oxide, 154, 155. 
„ peroxide, 155. 
„ sulphate, 154. 
Argentide, antimonious, 127. 
Argentous oxide, 155. 
Silver, compounds of, with oxy- 
gen, 155. 
„ glance, 154. 
„ horn, 154. 
„ ore, dark-red, 154. 
Trisulphargentic sulphantimo- 
nite, 137. 
Soda ash, 152 
Sodic carbonate, 151. 
„ chloride, 151. 
„ hydrate, 151. 
f, oxide, 151. 
„ nitrosulphate, 70. 
„ pyrantimoniate, 185. 
„ sulphide, 152. 
Sodio-zincic ethide, 391. 
Sodium, 151. 
Solid phosphoretted hydrogen, 106, 

110. 
Spar, lead, 183. 

„ manganeee, 190* 
Spathic iron ore, 195. 
Specular iron, 192. 
Spinelle, 176. 



Spirit of wine, 250. 
Spodumene, 176. 
Stannic compounds (see Tib). 
Stannous compounds (see Tin). 
Statical formube, 26. 
Stearin, 268. 
Steatite, 103. 
Stibines, 363, 370. 

„ salto of, 380. 
Stibnite, 136. 
Btrontianite, 160. 
Strontio carbonate, 160. 
„ chloride, 159. 
„ hydrate, 159, 
„ oxide, 159. 
„ peroxide, 160. 
„ sulphate, 160. 
Strontium, 159. 
StrUTite, 163. 
Strychnine, 370. 
Substances, compound, 1. 

„ simple, 1. 

Substitution deriyatiyes of bensol, 

239. 
Suocinamide, 374. 
Succinic series of acids, 339. 

„ series, relations of, to aoetio 

series, 341. 
„ series, relations of, to dyad 

radicals, 340. 
„ series, relations of, to lactio 
series and to glycols, 
340. 
Suocinimide, 373, 376. 
Sulphantimonic anhydride, 138. 
Sulphantimonites, 137. 
Sulphantimonious anhydride, 136. 
Sulphargentio metasulphantimonite, 
137. 
„ sulpharsenite, 125. 

Sulphates, 79, 80. 
Sulphhydrates, 71. 
Sulphhvdric acid, 71. 
Sulphide, antimonic, 136, 138. 
„ antimonious, 136. 
„ arsenic, 124, 125. 
„ araenioufl, 124. 
„ bismuthous, 144. 
„ boric, 56. 
Sulphides, 71. 
Sulphites, 76. 
Sulphobismuthites, 145. 
Sulphocarbonates, 73. 
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SulphoeaproflofexTOUs pyroflolphan* 

tunonite, 137. 
Sulphocuprous metasulphantimo- 

mte, 137. 
Sulphoferroos metasulphantiniomte, 

137. 
Sulphohvdrate, oupric, 171. 
Sulphophenjlurea, 369. 
Sulphoplumbic metasulphantimo- 
nite, 137. 
„ pyrosulphantimo- 

nite, 137. 
f, folphobismuthite, 

145. 
Sulphoadto, dednition of, 12. 
Sulphoflulphatei, 81. 
Sulphur, 69. 

„ alcohol, 251. 
„ allotropic varietiM of, 70. 
„ an analogue of ox^een, 70. 
„ oompoundB of, with baey- 
lous or positdye element!, 
70. 
„ compounds of, with oxygBH 
and hjdroxf 1, 74. 
Sulphuretted hydrogen, 71. 
Sulphuric dioxydicmoride, 70. 
Sunaoe, measures of, 33. 
Symbolic notation, 14. 
Symbols, 6, 14. 

„ of chief inorganic com* 
pound radiinls, 28. 
table of, 6. 
Systematic names, 8. 

„ names of bases, 11. 

Table of atomic weights, 6. 

„ chlorous elements, 4. 

„ elements, 6. 

„ metalloids, 6, 32. 

„ molecular volumes, 3. 

„ non-metals, 6, 32. 

„ symbols, 6. 
Talc 103. 
Tartar, cream of, 132. 

„ emetic, 132. 
Tartaric or glyoxyloid Mries of adds, 

351. 
Telluric bismuth, 145. 
Tellurium, 85. 

„ compounds of; 86. 
„ ethide, 388. 
Tellurous diethoxide, 388, d9a 



Telluroas diethiodide, 388. dOOl 

„ diethosulphate, 388. 
Temperatures, 34. 

TertiaxT acids of the fatty series, 298, 
311. 
diamines, 308. 
monacid alcohols, 254. 
monamides, 374. 
monamines, 364, 360. 
monarsines, 377. 
radicals of the methvl 80ries» 
208. 

Tetrachloride, carbonic, 57. 
Tetrad elements, 57, 175, 178, 180. 
Tetrads, definition oi^ 20. 

„ list of, 32. 
Tetradymite, 145. 
Tetramines, 364. 
Tetratomic molecules, 3. 
Tefcrethylammonic hydrate, 377. 
Tetrethylanonic chloride. 120. 
Tetrethyl stibonic chloride, 125. 
Thallic carbonate, 153. 
„ chloride, 153. 
„ nitrate, 153. 
oxide, 153. 
perohloride, 153. 
peroxide, 153^ 
sulphate, ld3w 
sulphide, 15a 
Thallium, 153. 
Thebaine, 370. 
Thick letters, use of; 16. 
Tincal, 55u 
Tin, 101. 

Distannic hexethoxide, 3901 
Hypostannic ethide, 387. 

,, ethodiniodide,387. 

Stannic acid, 104. 
„ anhydride, 104. 
„ chloride, 104. 
„ chlorodiethide, 388. 
„ ohlorotriethide, 387. 
„ ethide, 387, 390. 
„ ethodimethide, 387- 
„ iododietfaide, 387, 39a 
„ iodotriethide, 387, 39a 
„ iododimethide, 392. 
„ iodotrimethide, 992. 
„ methide,392. 
„ oxide, 104. 
„ sulphide, 105. 
„ triethohydrate,387,36a 
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l^in (conHnued). 

Stannous ohloride, 104. 
eihide, 387. 
hydrate, 101 
oxide, 104. 
stannato, 105. 
sulphate, 106. 
sulphide, 105. 
sulphostannate, 105. 
StanntriethyUc alcohol, 388. 
„ diloride, 388. 

ether, 388. 
„ haloid ether, 

388. 
Tin, compounds of, 104. 
Titanic acid, 106. 
„ anhydride, 106. 
„ oxide, 106. 
„ sulphide, 106. 
„ tetrachloride, 106. 
Titanium, 106. 

„ compounds of, 106. 
Titanous oxide, 106. 
Toluol, 237. 
Triaoetin, 362. 

Triaoid alcohols, 244, 245, 267. 
„ alcohols, ethers of, 279. 
Triad basylous radicals, 220. 
„ compound radicals, 27. 
„ elements, 51, 174. 
„ poeitiTe radicals, haloid ethers 
of, 281. 
Triadelphic type, 202, 203. 
Triads, definition of, 20. 

„ list of, 32. 
Trialkalamides, 375. 
Triamides, 375. 

„ primary oonstitution of, 

375. 
„ secondary and tertiary, 
375. 
Triamines, 364. 

„ diacid salts of, 370. 
„ monacid salts of, 379. 
„ normal salts of, 379. 
Triamykmine, 367. 
Triamylstibine, 128. 
Triatomic molecules, 3^ 19. 
Tribasic acids, 352. 

„ acids, aoonitio or acryloid 

Beries, 353. 
„ acids, citric or lactoid series, 
353. 



Tribasic acids, desoxalio or glyoxy- 
loid series, 353. 

„ adds, tricarballylio or ace- 
toid series, 352. 
Tribrombenzol, 240. 

„ hydrobromate, 240. 

Trichloraniline, 376. 
Trichlorbenzol, 241. 
Trichlorhydrin, 282, 289. 
Triohlorinated &c. amines, 363, 375. 
„ methylio chloride, 

285. 
Triethylamine, 367. 
Triethylarsine, 371. 
Triethylphosphine. 371, 385. 
Triethylstibine, 128. 
TrieUiylsulphine iodide, 70. 
Trimercuric diamide, 170. 
Trimethylamine, 367. 
Triphylline, 162. 
Triple phosphate, 119. 
Trisodio phosphate, 119. 

,, Bulphophosphate, 114. 
Trititanic tetranitride, 106. 
Trivial names, 8. 
Tumbull's blue. 227. 
Turpeth mineral, 168. 
T^pe, ammonia, 202. 

„ ammonic chloride, 202. 

„ condensed diadelphio, 202, 
203. 

„ diadelphic, 201, 202. 

„ double monadelphic, 202, 203. 

„ marsh-gas, 201. 

„ methyl, 201. 

„ monadelphic, 202, 201. 

„ olefine, 202. 

„ triadelphic, 202, 203. 
TjpoR of organic compounds, 201. 

Union, molecular, 30. 
Urea, 368. 

„ a diamine, 369. 
„ derivatives of, 368. 
„ formation of, 368. 
„ reaction of, 269. 
Use of signs, 16. 
„ of the bracket, 16. 
„ of the crith, 35. 
„ of thick letters, 16. 

Yalentinite, 131. 

Variation of atomicity, apparent, 20. 
V 
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Yamtion of atomioify, law of^ 21. 

Varieties of sulphur, 70. 

VarYicite, 189. 

Vermilion, 168. 

Viyianite, 119. 

Vinyl series, ethers of the, 272, 276. 

„ series, monadd alcohols of 
the, 255. 

„ series, radicals of, 210. 
Vitriol, lead, 182. 

„ ochre, 194. 
Volume, molecular, 2, 3. 
Volumes, 3. 

„ law o( 3b 

Water, 43. 

„ of orrstallisation, 30, 43. 
WayeUite, 119. 
Weight, atomic, 2. 

„ measures of, 34. 

„ molecular, 2. 
Wei^^ts and measures, 32. 

„ atomic, table of, 6. 
Wemerite, 177. 
White compound of Beiset, 179. 

„ lead ore, 183. 
Willemite, 102, 165. 
Witherite, 166. 
Worthite, 177. 



Xenolite, 177. 
Xylol, 237. 

Zinc, 164. 
„ blende, 164. 

„ compound at, with ozygeo, 165. 
„ glass, 165. 
Zincic amide, 386. 

„ amylide, 391. 

„ carbonate, 164, 166. 

„ chloride, 164. 

„ dinitroethvlate, 385. 

„ ethide, 381, 389. 

„ ethiodide, 385. 

„ ethvlate, 381. 

„ hydrate, 164, 166. 

„ methide, 391. 

„ methide ethylate, 386. 

„ methyldithionate, 386. 

„ oxide, 164, 165. 

„ projiionata, 385. 

„ succinate, 381. 

„ sulphate, 166. 

„ sulphide^ 164. 
Zinoide, antimonious^ 128. 
Zinoo^l, 28. 
Zircon, 102. 
Zoisite, 176. 
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